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16091 NORTHEASTERN COLORADO WATER SUPPLIES 
KEY WORDS: Colorado; Irrigation; Population; Urban areas; Urban 
development; a “Urbanization; Water distribution; Water resources 
management; Water supplies; Water supply systems a 
ABSTRACT: populations Northeastern Colorado have ‘resulted 
- reductions in irrigated acreage and the proportionate quantities of water available to -_ 
_ support that segment of the agricultural industry. The growth has caused increased 
demands for municipal-domestic and industrial water supplies from the South Platte 
and Colorado River Basins. These impacts have been determined by comparing — 
hydrologic data in conjunction with water use for agricultural, municipal-domestic, and “4 
industrial purposes between the period 1975-1979. Pricing and water rights ownership — 
were also compared for the same period, as were land conversion data, population — 
- data, and crop production valuation. Proper administration of nonconsumptive return 
_ flows coupled with the importation o of water from the Colorado River Basin will 
adequate, industrial, and water supplies for this intense area 
and downstream farm lands. 
- REFERENCE: Smith, Robert R., “Urbanization and Water Supplies for Northeastern 
| Colorado,” Journal of the Water Resources Planning and Management Division, {7 
ASCE, Vol. 107, No. WR1, Proc. Paper 16091, March, 1981, pp. 1-110 


> 


4. KEY WORDS: Chicago; Erosion; Flood control; Floodwater; Government 
agencies; Project management; Project planning; Regulation; Reservoirs; 
Urban areas; Water resources management 
ent, ABSTRACT: “Within | the Chicago | metropolitan area there was an urgent t need to 
1 formulate floodwater management plans which would be accepted by local citizens and 


Re 


1 agencies and also satisfy requirements for Federal participation in implementation. The 
process was one of establishing watershed steering committees with close citizen, as 
eS community and agency involvement from a grassroots level. Technical assistance was 
| provided by the U.S. Department of Agriculture, Soil Conservation Service and local ( 
_ sponsors. The process encouraged formulation of plans that contained a unique balance 
a of structural and nonstructural elements which merged into a comprehensive plan with — 
, broad-based support. Structural measures ranged from excavated reservoir and dike and 
channel improvements to modifications of existing 

REFERENCE: Kudrna, Frank and Olson, Roger “Changing Objectives: 

_ Chicago Metro Floodwater Plan, ” Journal of the Water Resources Planning and 

| M Management Division, ASCE, Vol. 107, No. WR1, Proc. Paper 16111, March, 1981, 


6083 | BUREAU OF )F RECLAMATION PLANNING 
Environmental planning; Environmental quality; Government ‘agencies; _ 


Multidieciplinery teams; Nateral resources; Project Panning; Water 


_ ABSTRACT: The Bureau of | Reclamation i is a Federal agency responsible for planning © 
and implementing multipurpose water resources development in the 17 western states. — 
The results are reported of a research project that focused on the indentification of the 
practices and procedures through which planners have been the most effective in 
increasing the consideration given to environmental concerns. Past research was used _ 
to form testable hypotheses that relate the influence of environmental information on 4 
the outcomes of bureau planning investigations. Data for hypothesis testing was — 
gathered through in-depth interviews with Bureau planning leaders and environmental 
specialists on 29 recent planning investigations. Results indicate statistically significant Ps 
correlations between the influence of environmental information on planning outcomes. _ 


_ REFERENCE: Price, James E., and Ortolano, Leonard, “Bureau | of Reclamation 
Planning: Environmental Factors,” Journal of the Water Resources Planning and " 
_ Management Division, ASCE, Vol. 107, No. WRI, Proc. Paper 16083, March, A eat 
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{AGEMENT AND DROUGHT PLAN ANNING 


WORDS: Drought resistance; Droughts; Metropolitan areas; Regional 

planning; Washington, D.C.; Water plans; Water resources management; Poon a 

_ Water shortage; Water supply; Water supply forecasting wre 

_ ABSTRACT: The Corps of Engineers’ efforts to influence the metropolitan 
1 Washington, D.C. area to agree on a regional solution to water supply, while still 
maintaining service area independence, are examined. The nation’s capital and 
surrounding environs face potentially severe water shortages in the future. The 
Metropolitan Washington Area (MWA) generally depends on the Potomac River for 
most of its supply, which is highly variable, subject to both floods and droughts. As 2 
population increases in the MWA, the risk of shortages also increase. The MWA'’s bi 
water supply has been studied for years with little or no regional cooperation. The ng 
Congress, by its actions, has assumed a lead role for regional water supply planning by : 
acting through the Corps of Engineers, which was directed to make a complete _ 
investigation of the water resources needs of the MWA. 
REFERENCE: Crews, James E., “ Planning for Drought: Management 
Perspective,” - Journal of the Water Resources Planning and aE... Division, 
ASCE, | Vol. 107, No. WR1, Proc. Paper 16078, March, 1981, pp. 45-59 “abet | 


KEY WORDS: Computer models; Energy; Hydroelectric power generation; 
Hydroelectric project li licensing; Hydroelectric resources; Policies; Prefect. 
ABSTRACT: A computer simulation model of the obstacles and incentives to the 
development of small-scale hydropower in New England is presented. It serves as an - 
i * effective communication tool between analysts and policymakers, helping them 
| understand the implication of policy recommendations to increase small-scale 
. hydropower development. Only four of the factors affecting development are included 
ee in the model: economics, licensing, construction, and retirement. From a financial 
| point of view, the most promising developers are municipalities and investor-owned a 
1 utilities. In the year 2000, it may be feasible to develop sites costing approximately : 
| double the present costs. Small-scale hydropower will generally be developed now only q - 
if developers are willing to accept risks. The inflationary effects of licensing and the ’ 
- complexity of the process might be the major disincentives associated with licensing. _ 
_| REFERENCE: Kirshen, Paul H., and Amlin, Jeffrey S., “Computer Model for Small- 
| Seale Hydropower Policy Analysis,” Journal of the Water Resources Planning and 
Management Division, ASCE, Vol. 107, No. WRI, , Proc. Paper 16093, March, 1981, 
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16086 NAWDEX AND WATER-DATA INFORMATION ON 
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KEY WORDS: acquisition; 1; Data analysis; Data collection; Data links; — 
‘Information retrieval; Information systems; Water collection systems; Water 
ABSTRACT: The National Water Data Exchange (NAWDEX) was established by the 
United States Geological Survey in 1976. NAWDEX serves as a-national focal point 
for cataloging and indexing water data that are available throughout the nation, and it © 
provides the necessary linkages between the collector and user communities. Available © 
_ water data have been indexed for over 400 organizations. Additionally, information has _ 
been gathered on over 700 organizations that are collectors of water data or involved 
_in water-related programs. Aid in indentifying and locating needed water ena is 
_ provided by a network of assistance centers located in 45 states and Puerto Rico. 
_ REFERENCE: Edwards, Melvin D., “NAWDEX: Focal Point for 
Information,” Journal of the Water Resources Planning and Management Division, 
_ ASCE, Vol. 107, No. WRI, Proc. Paper 16086, March, 1981, pp. 77- he Ser 
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horticultural pressure reduction, reuse, ond. education. "The 


16080 RESIDENTIAL WATER CONSERVATION | eres 
KEY WORDS: Consumer attitudes; Residential density; Urban planning; _ ‘ 

_ Water conservation; Water consumption; Water demand; Water meters; 


_ Water pricing; Water rates; Water reuse; Water salvage _ ol -* 


elects of metering, water-saving devices and price increases on residential water 
_ demand are explored for some typical communities. Secondary effects of conservation 
on revenue ng and return flow are also discussed. 

REFERENCE: Flack, Ernest, “Residential Water Conservation,” Journal of the 

_ Water Resources Planning and Management Division, ASCE, Vol. 107, No. WRI, | 

Pree. Paper 16080, March, 1981, PP. 95 ‘ 


16087 COOPERATIVE WEATHER MODIFICATION Temas 


KEY WORDS: Cloud seeding; Clouds (meteorology); Cooperation; Me ys 
nuclei; Precipitation (meteorology); Project management; Radar; Weather one | i 


modification 
ABSTRACT: The High Plains” Cooperative Program (HIPLEX) is 
_ sponsored research effort in the field of weather modification in the United States high — 
! plains states. The Southern Sector of HIPLEX has been conducted in Texas from 1975 _ 
- through 1979. Funding, management, and project execution are cooperatively shared 
by Federal, state, university and local entities. Scientific goals of HIPLEX include: 


_' establishing a cloud and precipitation climatology; establishing the relationships 


_ between large-scale weather conditions and storm cloud populations; relating yo 
scale weather conditions to cloud development; and microphysical and 

a 
_ objectives include: improving estimates of cloud precipitation by radar, evaluating te 


4 


_ behavior of cloud systems and developing better observational Por measurement 


- REFERENCE: Carr, John T., “Cooperative Weather Modification Program,” Journal — 
the Water Resources Planning and Division, — Vol. 107, No 


SOUTHEAST RIVER BASIN WATER RESOURCES wan 


KEY - WORDS: Regional analysis; Regional development; Regional planning; __ 


United States; Water demand; Water plans; Water Water — | 


resources; Water resources management 


4 ABSTRACT: The planning and management of water resources in the southeastern 

_ United States are surveyed, as documented in the 1975 National Water Assessment. : 

| The Second National Water Assessment of 1975 for the South Atlantic-Gulf Water 7 
Resources Region points to an overall well-balanced supply-demand ratio for water. 
Specific areas where severe problems have been identified include: water quantity, 
fresh-surface; water quantity, ground; and water quality, fresh-surface. How water © 
resources have been affected by past planning policies is evaluated, and how future — 
policy changes may further alter development concepts in the region is described. — Peake i 
REFERENCE: Guess, Clair lair P. Jr., “Status of Southeast River Basin Water 
Resources,” Journal of the Water Resources Planning and Management meeien, 
ASCE, Vol. 107, No. WR1, Proc. — es March, 1981, pp. 105-111 | Bel.) 


| 
ig : Ssures Urban Water fesuit of water 
! shortages, high treatment costs, scarce supplies and rapid growth. Various water- 
_ -' conservation techniques can be used to reduce the demand for water by urban | 
4 
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9 CITIZEN GROUPS A AND ENVIRONMENTAL | GOALS (ATOR aber 
7 KEY WORDS: Communication; Community goals; Community relations; 
Community support; Consultants; Environmental quality; Organizations; 


Public opinion and responses to important issues can be obtained more efentioaly _ " 
_ working through existing organizations than through presently used public-participation im: 
_ mechanisms. The citizen organization should be treated as a consultant to ensure that 
the information gathered is properly collected, timely, and reflective of a group’s 
membership. The group should have a work program, specific tasks, and should be 
paid. The tasks that a group is asked to perform could include writing articles, holding _ 
REFERENCE: Froehlich, David “Citizen Groups and Environmental Goals,” 
Journal of the Water Resources Planning and Management Division, ASCE, Vol. 107, me 
No. WRI, Proc. Paper 16079, March, 1981, pp. 113- 
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16081 DIVERSION FOR WATER QUALITY CONTROL 
KEY W ORDS: Diversion; Flood, control; Flow control; Navigation; 

; Water 


_ ABSTRACT: Water diverted from the Lake Michigan Watershed to the Mississippi a 
River” ‘Watershed includes, among others, water diverted directly into the Chicago — 
River and Canal System. The direct diversions take place at three locations which rr 
regulate the flowrates for the purposes of navigation, flood control, and water quality 4 
- management. An optimization procedure is presented which aids in the management of - 
_ the system by determining average monthly diversion rates at each of the three control a 
points. The procedure utilizes an efficient network algorithm which determines the 
_ minimum diversion necessary to maintain water quality standards in the River and 
Canal System. Results are reported for existing = oe as well as conditions after 

_ REFERENCE: Male, James W., and Soliman, Karim, “Lake Michigan Diversion for 
Water Quality Control,” Journal of the Water Resources Planning and Management 
- Division, . ASCE, Vol. 107, No. WR1, Proc. Paper 16081, March, 1981, pp. 121- — 


KEY. WORDS: Coordination; Design standards; Project planning; Regional +e: 
planning; needs; Utilities; Water resources; Water supply 
ABSTRACT: Washington state has two recent laws aimed at facilitating water utilities’ eS 
_ predictions of future service and assuring them that they will be able to implement 
_ their plans. The Water Resources Act of 1971 provides a system for setting aside = fs 
_ sufficient water supply for future domestic needs. Water is reserved by region rather 
_ than by system, thereby allowing for a comprehensive look at available resources and 
| mandating intersystem cooperation. The Public Water System Coordination Act of 
: 1977 provides a step-by-step process for water utilities and local government to 
i - coordinate utility growth with local development poicies. Key concepts include the 
a — of utility service areas and the establishment of regional design 
REFERENCE: ; Rowe, Alan K., and Sander, Daniel K., “New Approaches to Water 
Utility Planning,” Journal of the Water Resources Planning and Management Division, 
ASCE, Vol. 107, No. WR1, Proc. atid 16084, March, 1981, pp. 139- te , 
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16082 URBAN STORMWATER MANAGEMENT IN SOUTHEAST Raw ance 


-' KEY WORDS: Erosion control; Flood plain planning; Sediment control; van 
Storm drains; Storm runoff; Storm water; Urban areas; Water management 


wear 
es wre wie 4 


eS allies i. third of a a conference series es designed t to address the ‘most important 
| water resource problems in the Southeast is summarized. Urban stormwater 
i “management issues are addressed in the context of: drainage and detention, flood plain 
an - management, erosion and sedimentation control, and stormwater pollution control. The 
n strengths and weaknesses of state and local programs are explored, with conclusions | 
| and recommendations to correct deficiencies. The Southeast Conference on Urban 
7 Stormwater Management, held at North Carolina State University April 10-11, 1979, 
~ was directed toward major water resource problems of the following states: Alabama, __ 
_ Florida, North Carolina, and Virginia. 
| REFERENCE: Howells, "David H. and Grigg, Neil Urban 
_ Management in Southeast,” Journal of the Water Resources pai. and Management 
| Division, ASCE, Vol. 107, No. WR1, Proc. Paper 16082, March, 1981, pp. 149-166 aca 4 


16109 SAMPLING TO CHARACTERIZE STREAM PLUMES ne, Saw 

WORDS: Plumes; Sampling; Sampling designs; Statistical 
Statistical samples; ‘Stream pollution; Tracers; Water pollution; Water ' 
ABSTRACT: New perspectives are offered on taking ‘samples to determine | 
concentrations in a stream cross section. By combining plume simulation with a_ 
_ gradient search curve fitting procedure, a means is provided to characterize a pollutant 
plume by finding its mass flux, center of concentration, and lateral dispersion. 
_ Additionally, a number is determined of grab samples needed from the cross section of 
_ the plume to find these characteristics. As few as four grab samples from the cross 
section of a plume are sufficient. If the lateral position of a pollutant in a stream is not 

known, the negative binomial distribution offers some insight into determining how 7 
grab to draw. A consideration of cost factors is included. | 

_ REFERENCE: ‘Catteea, Christopher C., Male, James W., and Adrian, Donald Dean, 
_ “Sampling to Characterize Stream Plumes,” Journal of the Water Resources Planning 

_and Management Division, ASCE, Vol. 107, , No. WR1, Proc. 


16112 GROWTH CONCERNS DEFEAT WATER ISSUE e 
KEY WORDS: Aqueducts; Conservation; Cost effectiveness; Ground water; pail 
Growth projections; Reclamation; Reservoirs; Water resources development; te 
ABSTRACT: Santa Barbara County, California, undertook a comprehensive study of 
_ local water resources development alternatives. The county then compared these 
_ alternatives with the state extending its aqueduct to the county as provided under the 
_ State-county contract. The issue of importing from the State Water Project had become “y 4 
_ both pressing and controversial, with the state pressing for a decision. Importation 
| advocates urged an early enlightened county vote, citing an eventual need and rising 
' - costs. Importation opponents claimed importation would prove growth-inducing and, 
_ thus, environmentally damaging. An overview is given of the study results and some of 
| the technical and socio-economic considerations that influenced the electorate to reject 
| importation. 
4 _ REFERENCE: Lawrance, Charles H., “Growth Concerns Defeat a Senn Water 
| Issue,” Journal of the Water Resources Planning and Management Division, ASC E, - 
Vol. 107, No. WRI, Proc. Paper 16112, March, 1981, PP. 183- 199 weet 
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_ 16118 WATER RESOURCES AND RISK AVOID 


KEY WORDS: Hydreclectric power power; Invigntion; 
‘purpose; Project planning; Reliability; Risk; Risk k acceptance; Water plans; 

_ ABSTRACT: In the past, risk has been considered implicitly in the planning and — 

management of water resources systems analysis. A method is developed through 

_ which risk indices are explicitly defined for the operation of a water supply system that a 
provides water mainly to meet regional irrigation and energy requirements. The risk . 

_ indices obtained can be included in the system objective function to be optimized. — = 

_ REFERENCE: Nazar, Ata M., Hall, Warren A., and Albertson, Maurice L. =a 

_ Avoidance Objective in Water Resources,’ * Journal of the Water Resources Planning — 

and Management Division, ASCE, Vol. 107, No. WR1, Proc. Paper 16118, = 


OCD FREQUENCY GUIDELINES DA ear 
KEY WORDS: Flood estimate; Flood forecasting; Flood frequency; Flood can 
Floods; Guidelines; Hydrology; Statistical analysis; Water ese. 
_ ABSTRACT: The Water Resources Council has issued a set of guidelines for 
| determining flood frequency at gaged locations. The need for such guidelines is 
examined. Application of these guidelines in the Susquehanna River basin has shown 
the following problem areas: regional skew coefficient map, detection and treatment of 
outliers, weighting of station and regional estimates, and a lack of specific 
recommendations regarding the expected probability adjustment. Some > possible 
_ changes to the guidelines in order to solve these problems are considered. 
' _ REFERENCE: Jackson, Donald R., “WRC Standard Flood Frequency Guidelines,” 
- Journal of the Water Resources Planning and Management Div % 
No. WRI, Proc. Paper 16123, March, PP. 4 
4 


KEY WORDS: Agricultural watersheds; budget; water; 
Water “conservation Water: law; Water management (applied); | Water 
ABSTRACT: Water conservation is not an objective in itself, but a part of the broader ~ ¥ 
objective of total water management. The meaning of water conservation has changed — 
_ during the past 100 yrs from storage of spring runoff to more efficient use of existing 
_ supplies. A number of considerations affect the need for conservation and the measures | 
selected to meet this need, including the reasons why conservation is to be adopted, 
whether conservation is being adopted for emergency or normal conditions, and the 7 
means of conservation. Lastly, water and law energy influence conservation adoption + 
and practices. Established water laws may have an important bearing on what can be 7 
done and how it is to be done. The need for energy and the cost of energy (especially — 
for pumping and cooling) will be an increasingly important factor in water management _ 


REFERENCE: Johnson, William K., “Perspectives on Water Conservation,” Journal of 
the Water Resources Planning and Management Division, ASCE, Vol. 107, No. WRI, 


™ Paper 16129, March, 1981, PP. 225- 
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16131 CONVERSATIONAL WATER DATA RETRIEVAL 


KEY WORDS: Computers; Computer storage 


devices; Data retrieval; Information — retrieval; Information retrieval 

effectiveness; Information systems; Water quality 

_ ABSTRACT: A water quality data management system which simplifies the retrieval 

of computer-stored data is explained. Everyday conversational language provides the — 

_ communication between the data retriever and the computer, minimizing the need for 

training and expertise in computer operations. Information is handled» 

through use of the data base management system SIR (Scientific Information Retrieval) 

and a FORTRAN program that interfaces SIR with the user. Because all operating © 

commands are — into the system, little or no experience with computers is required. _ 

REFERENCE: Larson, Douglas W., and Bingham, Thomas, “Conversational _ Water all 

~ Quality Data Retrieval System,” Journal of the Water Resources Planning and 


_ Management Division, ASCE, Vol. 107, No. WR1, Proc. Paper sia ies 1981, 


Frequency ‘Uncertal _ Hydrologic data; Parameters; 
robability; Statistical analysis; Uncertainty princi le; WwW ter r r 
ABSTRACT: A methodology is intaibeens that can be used in hydrologic frequency 
analysis to reduce the parameter uncertainty. The methodology consists of developing | 
generalized values of the parameters (mean, standard deviation, and skewness) through 4 
the use of a weighting procedure between sample and regionalized statistics. Weights ; 


REDUCING HYDROLOGIC PARAMETER UNCERTAINTY | Langa 


are defined as a function of the variances of the sample parameters and regionalized ~ 
parameters. The variances of the sample parameters are determined using two - 
nonparametric statistical methods, the jackknife and the bootstrap. The variances of 7 
the regionalized parameters are determined through regression analysis. The ability of 


this methodology is illustrated using flood flow Sie data for the Southwestern * 


REFERENCE: Tung, Yeou- Koung, and “Reducing Hydrologic 
Parameter Uncertainty,” Journal of the Water Resources Planning and Management - 

| Division, ASCE, Vol. 107, No. WRI, Proc. prey 16136, March, 1981, pp. 245-262 
at» ¥ ogo 


RIVER QUALITY AND STORMWATER Ae 


| KEY WORDS: Combined sewers; Computer programs; ¢ Cost | effectiveness; ag at 
| Hydrologic models; Mathematical models; Rivers; Storm runoff; Storm 
“sewers; Urban areas; Wastewater treatment; Water pollution control; Water es 


ry A simplified continuous receiving water quality model has been 
| developed as a planning guide to permit preliminary screening of areawide wastewater — 
. _ management strategies. The model simulates the hypothetical response of the stream or 
| tidal river system to the separate and combined effects of waste inputs from upstream 
| sources, dry-weather urban sources and wet-weather urban sources. The total hours of 
| runoff-producing rainfall throughout a year are separated into storm events. For a 
q given storm event, the runoff and pollutant loads are summarized, and critical 

| oe oxygen concentrations are estimated as a function of several hydrodynamic _ 

and biochemical parameters. An application to the Des Moines River at Des — : 


tow 
CE: Medina, Miguel A., Jr., Huber, Wayne C., Heaney, James P., 
Field, Richard, “River Quality Model for Urban Stormwater Impacts,” Journal of the 
| Water Resources Planning and Management Division, ASCE, Vol. 
Paper 16135, March, 1981, pp. 280 
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Customary-SI Conversion Factors 
_ In accordance with the October, 1970 action of the ASCE Board of Direction, which stated — 
- that all publications of the Society should list all measurements in both U.S. Customary and ) ; 
_ SI (International System) units, the following list contains conversion factors to enable readers : 
2 to compute the SI unit values of measurements. A complete guide to the S$‘ system and its 7 
use has been published by the American Society for Testing and Materials. Copies of this” 3 
os publication (ASTM E-380) can be purchased from ASCE at a price of $3.00 each; orders must ae 
All authors of Journal papers are being asked to prepare their papers in this dual-unit format. 
To provide preliminary assistance to authors, the following list of conversion factors and guide: 
are recommended by the ASCE Committee on Metrication. 
square inches (sq in.) square millimeters bere 
Square yards (sq ‘square meters (m’) et 
square miles (sq miles) square kilometers (km 
acres(acre) mist hectares (ha) 0. 
cubic inches (cu in. cubic millimeters (mm 
cubic feet (cuft) <4 cubic meters (m’*) = 
cubic yards (cu yd) cubic meters 
pounds (Ib) mess kilograms (kg) 
(tons (ton) mass kilograms (kg) 
pound force (Ibf) newtons (N) 
pounds per square foot (psf) pascals 


pounds per square inch (psi) kilopascals (kPa) dake 
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a Following World War Il, areas such 2s as Los Angeles, ‘the San Francisco ney 
_ area, and the Pacific Northwest began feeling growth pains. In more recent 
F years the Eastern Front-Range of the Colorado Rocky Mountains has incurred 
similar growth characteristics. For example, during the period 1970 through — 
_ «1977, cities such as New York, Philadelphia, and Boston saw their populations 
a. decrease at rates of 8% to 10%; Denver, Colorado, during the same period, x 
incurred a population increase of over 20%. This wag further reflected in 
_ Northeastern Colorado where, during the same period, population increased 
from approximately 260,000 to over 380,000, or 46%. i. rut de dy 
_ The impacts of this rapid urbanization on the water resources available to a 
“the Northeastern Colorado area and on its water distribution systems are | 
_ ‘humerous. The options available to resolve the problems associated therewith 
eo _ are somewhat limited. To better understand these impacts, however, one must 
i first have a basic understanding of the area and its base water supplies. 4 zen! 
. _ Northeastern Colorado has been agriculturally oriented i in terms of its basic 
- economy since about 1850, when the development of over 850,000 acres (344, 250 oe. 
ha) of prime farm land began. In an area that receives less than 14 in. (355 : 
4 mm) of rainfall annually, this industry, obviously, must depend on irrigation 
-_ practices to survive. Thus, the period between the mid-1880s and early 1900s y 
: 4 saw a great flurry of reservoir and canal construction along the tributaries of 


o. Presented at at the / April | 14-18, 1980, ASCE Convention and Exposition, held at Portland, 4 
“a ‘Dist. Engr., Monterey County Flood Control and Water Conservation Dist., P.O. a 

_ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 

_ a written request must be filed with the Manager of Technical and Professional Publications, 

ASCE. Manuscript was submitted for review for possible publication on April 18, 1980. 
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a “the Sc South Pl: Platte R River Basi Basin to c: to capture spring runoff and retain it for beneficial — 
use during the summer growing season. In later years over 4,500 wells were 
also constructed throughout the basin to help augment surface supplies. . Early a. 
on and especially following the drought of the early 1930s, it was quite clear, 
however, that the land under irrigation at the time on the average would be 


: water short without the development of some source of new water for the 


Water us users in Northeastern Colorado had looked enviously for many years . 
to the surplus flows of the Upper Colorado River on the Western Slope of 


the Continental Divide as a a potential source of supply for this new water. ‘- 


~ 


at 


> | 


By a vote of the p people | in 1937, the Northern Colorado Water Conservancy 


‘District was formed to represent the water users of Northeastern Colorado 
in contracting with the United States Department of Interior, Bureau of Reclama- 


_ Colorado River and by a series of dams, conduits, power and pumping plants, 7 
export this water from that Basin to the Big Thompson River, a tributary of 

e the South Platte Basin on the Eastern Slope. Construction of this Project got J 

under way in 1938 and was completed in 1956. The Project was - designed and > 
constructed to export an average of 310,000 acre-ft (382, 200,000 m*) annually. a 


Sm diversion project ‘which would collect surplus water from the Upper 
a 
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of the four 1 major tributaries of the South Platte Basin—the Poudre River, Big — 
"Thompson River, St. Vrain River, and Boulder Creek, 
- Since 1957, the first full year of Project operation, the Project has yielded = 
approximately 217,000 acre-ft (267,600,000 m*) of supplemental transbasin water 4 
tf annually, ranging from a minimum of about 123,000 acte- ft (151,700,000 m = 

to a maximum of over 309,000 acre-ft (381,000,000 m *) (Fig. 1). With in-basin | 
‘surface supplies averaging about 597,000 acre-ft (736,000,000 m’°) from these 
& tributaries, this represents an average annual supplement to the basin a 
In 1957, the population of the District s service area was approximately 135, 000. 


1957. the annual domestic w water ‘approximately 29 ,000 acre- ft 


GG st 800, 000 m oi The current demand for coneues water totals over 95,000 
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FIG. 2.—Northern Colorado Water Conservancy District: District: Population Versus whentess ma 
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ew -ft (117, 100, 000 m m°) (Fig. 3). In other 1 mr are the past past 22 years annual 
demand for domestic water has increased by approximately 66,000 acre-ft 
(81,400,000 m*), or 228%, resulting from a growth increase of over 210% ade 
the same period, 90% of which has occurred since 1966. eae hae aad dake 


Since the South Platte River Basin tributaries have been overappropriated — 
for years in terms of providing any new undeveloped water for domestic beneficial — 
use, the source of supply to support this growth has been acquired gradually — 
iby the cities, small towns, rural domestic water associations, and industrial — 
users of the area through the purchase of surface water rights previously used 
_ for irrigation. In addition, supplemental Colorado River water diverted by the 
CBT Project primarily for agriculture users continues to be purchased from 


_ the irrigator for these uses. This can | be further i illustrated i by a at the 
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_ i 1957 through 1979 (Fig. 4). In 1957, for example, only 16% of the total _ 
; CBT Project supply was allotted for this purpose. In contrast, 35% of the total _ 
available project supply is currently allotted for use under this class. All of 
7 . this suggests, of course, that land previously under irrigation is gradually being | 
converted to urbanization or dry-land farming, = 
£ Recent analysis of land conversion within the boundaries of the District suggests _ 
that some 40,000 acres to 60,000 acres (16,200 ha to 24,300 ha) of mostly irrigated a 
farm land has been converted to support ‘urbanization | since 1957, with most — 
this conversion occurring in the past decade or so (Fig. 2). 
; Since water rights in Colorado are property rights, the value of which is 
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FIG. Domestic Water Demands Within Northern Col n Colorado. Water Con- 


“established by the rules of supply and demand, the impact of urbanization can 
also be illustrated by the rapid escalation in the average unit purchase price 
_ paid for CBT Project water by various users since 1957 (Fig. 5). This tremendous — 
“escalation in pricing can, to a large degree, be attributed to the high demand — 


- for domestic and industrial water supplies and the ability of those users wi hin 


A little change in the net return on their productivity. It has been a regular occurrence, 
: r therefore, to acquire irrigation water rights for domestic and industrial purposes _ 


as a result of a negotiated agreement between the parties, as + 
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he area to Oller a maximum Golar Value for it. ime economics OF tne situallon 
are usually quite attractive to many farmers who in recent years have seen a - 


Obviously growth cannot occur at the in ‘the area without the need 
to develop additional water supplies for expanding public utilities and new area 
Since approximately 19 1970, Public: Service Company of Colorado, 

for example, has | put on line | one e nuclear p plant a and is nearing completion on x 

another coal-fired steam plant within the boundaries of the District. In addition, 

Platte River Power Authority, the electrical utility arm of four major cities 
_ in the District, has begun construction of a coal-fired steam plant in the area. 


installed capacity of these plants \ will be 1,080 


to 47,400 acre-ft (19,700,000 m’* to 58,400,000 m*) at maximum installed capacity. 

_ Of importance here is the fact that these water requirements are 100% consumptive | ; 

in use. In addition, industries such as Kodak of Colorado, IBM, Hewlett- Packard, * yy 
Water Pik, and Woodward Governor continue to expand their operations in 
“this a area, and consequently their need for industrial and domestic water continues. a 
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‘The growth in Northeastern Colorado as projected will probably continue — 
to occur along the Eastern Front-Range of the Rocky Mountains upstream of * a 
most primary irrigated lands. This, coupled with the fact that the area’ = 
=~ consumptive use for domestic purposes is less than that for irrigated agriculture, > 3 
could theoretically provide levels of return flow available for use on irrigated - 
ad lands downstream to the degree that a projected population of approximately _ 4 
J 1,000,000 could conceivably still support up to 700,000 acres (283,000 ha) of — 4 
_ irrigated farm land with no significant change in present basin water supplies. =) 
4 T his would depend t toa a large ¢ extent on the we to reuse existing water ‘supplies: 


a mre a solution to some of these impacts—short of some unknown 
type of Tigid control—is another water for the sole purpose 


Pmen ror thece new niante will range tram if acre.i q 
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850,000 irrigated acres acres (344, 250 ha) of land ‘supporting J 
an annual agricultural industry of over $250,000,000.00 (Fig. 6). The question 
would seem to be: Where can new undeveloped water be found? Some of 4 
_ the options considered in Colorado and other western states revolve around “a ; 
urban and on-farm conservation practices, such as metering, lawn watering — 

restrictions, irrigation management scheduling, development of additional 
_ ground-water supplies, and weather modification programs which address both 
winter and summer cloud seeding. All of these options are to some degree _ 
currently in practice within the state and within the District service area. However, ¥ 
a fourth option, and one near to becoming a reality, is the diversion of additional — 

undeveloped Colorado River water from the Colorado Basin, through new on 
diversion facilities and utilization of unused capacity in the existing Colorado-Big 
Thompson Project facilities. A new project, known as the Windy Gap Project, _ 4 


‘CPI 


a FIG. 5.—Cost of CBT | Project Water Versus Consumer Price Index (CPI) mae a 7 
a vidi approximately 50,000 acre-ft (61,700,000 m’*) of new water annually 
f the Colorado River Basin at a capital cost of approximately $700.00 per 
acre-ft. This is considerably less expensive than the purchase of agricultural — 
tater currently selling for 33, 000.00 per acre-ft, as indicated 
under Colorado's s ‘to flows of the Colorado River 
f ~ under the Colorado River Compact, there is approximately 1,000,000 acre- “ft 
(1,200,000,000 = *) of undeveloped water available for beneficial use in 
the state (Fig. 7). _ The water developed by the Windy Gap Project would be a | 
‘Portion of this previously undeveloped supply. The project is being financed by 


ss major cities and one electrical utility within the boundaries of the District. 


Sale of revenue bonds administered by a Municipal Subdistrict of the District will 
— the project cost of Diieiaiictins $35,000,000.00. The current estimated 


| 
| 


SUPPLIES 


debt service ¢ retirement, carriage costs associated withuse of the C BT project fi — 
_ ties, operation, maintenance, and electrical pumping costs (Table 1). The current 
annual cost associated with amortization and annual assessments for Colorado-Big ae 
Thompson Project water, at $3,000.00 per acre-ft, is approximately $217.00. 
 - Another aspect of developing this new water supply is the fact that it will 
- be foreign water to the South Platte Basin, and thus under Colorado law will 
_ be subject to 100% consumptive reuse. Even negating the reuse aspect of this we 
water, an additional population of over 200,000 could be served with return 
flows therefrom being available to irrigate 30,000 to 40,000 additional acres ; 
(12,150 ha to 16,200 ha). Considering a 50% reuse, the water requirements for Bits 
an additional population of approximately 250,000 could be met with return 
flows available to support irrigated agriculture on an additional 10,000 acres = 


(4,050 ha) of land. 
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_ kWh of new electrical energy annually through the 184-MW CBT power syste system 


area of impact associated with urbanization occurs within the 
water distribution system itself. The CBT Project water distribution system _ 

operated and maintained by the District will be used as an example. The effects 

on the system should be similar to those on any other system in the area that 

a provides a raw water supply to irrigated agriculture as well as for ‘municipal-_ 


6.—Northern Colorado Water Conservancy District Crop Valuation 
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water distribution system of the Project consists of three major 1 reservoirs . wre 
ranging in capacity from 13,000 acre-ft to 153,000 acre-ft (16,000,000 m° to re 
188,600,000 m’). In addition, over 80 miles (128 km) of open canal, = 
and inverted siphons provide ‘delivery capacities ranging from 8 cfs to 1 500 
- The demand curve for domestic water from the system takes on quite a 
different shape in 1977 and 1979 as compared to 1957, both in time and quantity wh ; 
4 (Fig. 8). A peak monthly demand for municipal-domestic water service of over 
10,000 acre-ft (12,306,000 m*) (110 mgd) is not now uncommon. In addition, g 
a minimum monthly demand of nearly 1,000 acre-ft (1,200,000 m’*) (11 — 
is now being met from the system throughout the water year, = 
Within the system as now constructed is the ability | to provide domestic ra 


plus flows 

(unappropriated for use) 
4 


= 


Flow, in acre-feet x10° 


a 


water service to some 37 cities, towns, towns, and rural domestic water treatment 
_ facilities either by direct delivery or by exchange through other systems. __ 
; Since 1957, the system has seen some 15 water delivery facilities added to 
. it including two major expansions to the outlet works of one of the reservoirs 
to provide improved water delivery service to some 21 domestic entities. Most 
5 | these facility additions are in the form of new canal turnouts or closed — 
a / conduit taps to the reservoir outlet and power penstock works. Most project 
_ improvements were constructed to provide year-round water service to the 
- customer, as opposed to the open canal and turnout system associated with 
irrigation deliveries during the summer months only, 
Canal system maintenance in the form of lining replacement, dragline cleaning, | 
ome protection, and joint sealing were for years activities that could be 7 
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7 
; ue enentuaes between late October and early May when the system was down. = 
_ The change ir demand curve, as reviewed earlier, has in some years forced __ 
i Bw. activities into a much smaller time frame for completion, and to some — 7 
degree has been responsible f for an increase in District operations and maintenance Bon 
Canal system water quality, in terms of chemicals used to control algae within _ 
the system, is now becoming a concern of some domestic water users taking — 
SS of their raw water supplies below the points of treatment. Since the 
late 1950s, the District has controlled algae by injecting copper sulfate into 
the canal systems. In recent years, | most domestic water users on the system 
a have requested that their delivery facilities be shut down when this maintenance 
procedure is being performed. Since the use of copper sulfate for algae control 
is a weekly occurrence between late May and early September, it has resulted 
: in additional operations time required on the part of the operator i in h conjunction a 4 


WATERS 


with the requested | interruption | of service. } 


Total cost per Item cost per 
in in dollars” in dollars 


Windy Gap Project sam: 

retirement and fixed 
CBT facilities charge 
operations and maintenance 


_ Savings in operations man-hours and to some degree offset additional operator 
= time now incurred in these added activities. Furthermore, many of the new 


* domestic systems are metered and require only weekly or monthly inspection 


The use of soil detin and herbicides along the canal system right-of-way = 
(for the control of broadleaf weeds), 2 and access road | growth ove over the years, 


potable water supply and adjacent land development. The labeling and restricted Re 
use of certain sterilants and herbicides as a result of the Federal Pesticide — pal 
_ Act have forced the District and other water supply entities to utilize products __ 

that are either more expensive or less effective, or both, to control weeds 

within the canal  right- bolegint ai 
>. One of the greatest impacts on the system attributable to urbanization is . 

- that of urban development adjacent to the canal system itself. In the past decade, bs 

numerous subdivisions have been developed along canal rights-of-way, requiring — 


_—_ changes i in right- -of-way fencing requirements and policies, , new public 


4 
4 
= 


road ¢ crossings, utility crossings, a severe re reduction 
a the application of herbicides for weed control. The tremendous increase in ai 
_ trespass to the system as a Gisect result .of this change in land use has also = 


addition of numerous access ; road gate structures res and precast concrete ‘buildings 
to minimize vandalism to facilities and any District liability associated therewith. 
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FIG. 8.—CBT Project Deliveries to  Municipal- Uses 
and maintaining the system in terms of increased time required to perform — 
Conciusions 
. ~ Urbanization versus agriculture has always implied conflict or competition. 
In a broad sense this has not been and need not be true. Cooperation between a 
these areas of interest can provide for all foreseeable needs for both. So far 
_ the expanding needs of minicipalities and industry for water and land have 
been met for the most part by the purchase of agricultural water rights with — 
ome reduction in irrigated acreages. Municipal-domestic uses must havea priority. 


over other uses, and the Colorado Statutes provide for this. This category of b j 


use can also afford to pay more than the farmer for the water supply through 
the free market system as prices continue to rise. Municipal and industrial 
users can thus afford to develop and apnea — little water is left as 
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f es flood flows in the South Platte Basin or develop ‘ ‘new water” from other basins. 
_ The Windy Gap Project represents this type of “‘new water” * development. 
Although it is currently going through all the typical environmental hurdles - 4 
encountered by water resource projects today (resulting in project construction 
costs in the neighborhood of two times its original estimate in the early 1970s), 
it is still an attractive project in terms of current benefit /cost. When constructed, = ; 
- and coupled with proper management of all basin _ water supplies, it should wey 
- assure Northeastern Colorado of a stable water supply to support reasonable 


ig planned growth and the protection needed to the primary base conemny of Pf 


_ Obviously, urbanization impacts on a water distribution system, although ’ 
_ numerous, are for the most part offset by an increase in labor force requirements _ 
and the costs associated therewith are on to the consumer 
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FLoopwater PLAN 


Eres By Frank L. M. ASCE and Roger K. Olson? 


Within the Chicago metropolitan 2 area there an need to 
plans for management of floodwater and related resources which would be ate 
_ acceptable to the public and agencies, and at the same time satisfy requirements 

In order to accomplish this complex task a the Chicago metropolitan area, 
watershed steering committees with close | citizen, community, and agency 
- involvement at a grass-roots level were formed. Technical planning assistance 
was provided by the United States Department of Agriculture (USDA), Soil | 

_ Conservation Service, and local sponsors. Broad interests of steering committee - 

_Tepresentatives encouraged formulation of plans containing a unique balance r 
of structural and nonstructural elements which merged into a compechensive 

-~plan with broad-based support. rt. Structural n measures range from excavated © 

Te 

reservoir, dike, and channel improvement, to modification of existing structures. 
“Nome elements include flood-plain regulations, channel operation and 

"maintenance, sediment and erosion control ordinances, and treatment of critical z q 


Qa “Presented at the October 16-20, 1978, ASCE Annual Convention and Exposition, held 


| Illinois Dept. of Transportation, Div. of Water Resources, Marina City Office ee 
Building, Room 1010, 300 North State, Chicago, Ill. 60610. 4 
—— * Staff Leader, Resource Coordination Staff, Metropolitan Sanitary Dist. . of a q 
_ Chicago and Soil Conservation Service, United = Dept. | of Agr. , P.O. Ben 475, 
_ Note.—Discussion open until August 1, 1981. To —— the closing date one aah, 
_ written request must be filed with the Manager of Technical and Professional Publications, 
ASCE. Manuscript was submitted for review for possible publication on January 2, 1979. 
_ This paper is part of the Journal of the Water Resources Planning and ee 
Division, Proceedings of the American Society of Civil Engineers, OASCE, Vol. 107, 
No. WRI, March, 1981. ISSN 0145-0743 /81/0001-0013/$01.00. 
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CHICAGO FLOODWATER PLAN 

_ sediment production areas | and wetland acquisition. ‘This plan was ‘published 


six Separate floodwater ‘management and is summarized in “Our 


study of the 1,260 sq mile 263 km’) area. 
= purpose of this paper is to describe the flooding and related  Fesource— 


from steering committee formation through plan implementation — 
will be highlighted. The overall process is now being used as a model i in other 
watershed areas. 


Floodwater management and related wate in the Chicago 
4 im metropolitan area are related to a number of physical as well as cultural factors. 
The basic physical factor affecting flooding is the geology of the region. The — 
study area is located in a band of glacial morainal topography with only slight _ 
relief paralleling the southwest shore of Lake Michigan. Well-developed, stream- _ 
cut valleys are essentially absent. The natural drainage pattern is poorly developed — 
__ with streams occupying broad swales between the moraines. Undrained depr 
sions in the form of wetlands are common. __ 
Glacial Lake Chicago, which stood 60 ft higher than present Lake Michigan, 
‘ left a relatively flat lake plain. As a result of this relatively flat topography, 
flood plains vary greatly in width, and floodwater may cross watershed divides. 
a major influence on flooding problems and their ultimate solution is the — 
type and distribution of existing sewer systems (Fig. 1). A 375.3 sq mile (972 © : 
km’) area of the City of Chicago and many of the adjacent older suburban 
communities are served by combined sanitary and storm sewers feeding sewage 
treatment plants. During periods of heavy rainfall, runoff exceeds the — 
“capacity resulting in sewage backup and direct t bypass to rivers and streams. 
In addition, | treatment plants, | unable to treat the combined sanitary- -stormwater ; 
peak flow, are forced to bypass untreated effluent into receiving streams. 
Alternative solutions to this problem involved replacement and separation of ra : 
a: thousands of miles of existing sewers. With clean water recognized as a national — 
a x and mandated by federal legislation, the Metropolitan Sanitary District 


of Greater Chicago (MSDGC) adopted TARP (2), the Tunnel and Reservoir — ; 
Plan (Fig. 2). This plan provides for collection of combined runoff through i 
_ drop shafts and delivery to mined storage areas through rock tunnels. Approxi- — 1 
: mts 126,000 acre-ft of storage will be provided, and the rock tunnel delivery 1 
"system, with diameters up to 36 ft, will be 125 miles long. During pot storm 
S periods, the stored combined runoff will be pumped to treatment plants. — = 


a | ‘In the separate and unsewered : areas, , the flood damage problems | have been 
_ thoroughly surveyed through the Chicago Metropolitan Area River Basin Study. i; 
! Current damage in the River Basin Area is estimated to be over $6,000,000 
- annually. The six watersheds (Fig. 1) have a total of approximately 100,000 : 
7 acres (40,500 ha) of flood plain (100-yr frequency) encompassing all or parts 
of 200 communities. Of the 7,500,000 population, 330,600 (4.4%) live in flood 


* plains, and this proportion is expected to increase to 5.3% id - of the 


4 


9,760, 000 population d for t ye yeni 2000. Total 
is projected to increase to $12,000 000 by 2000 as a result of i increasing affluence. 

_ Several types of flood damage occur. Flooding damages some 13,200 secidential 
buildings and 520 commercial and manufacturing buildings. Also subjected to 
flooding are 10 major transportation arteries and 25 secondary traffic routes. 
— economic losses are incurred from this highway flooding, as traffic is 
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2. —Tunnel and Reservoir Plan on 
= and access to homes and commercial buildings is interrupted. Flooding ‘ 
also aggravates peewee of channel maintenance and necessitates debris removal 
a major socioeconomic problem occurs as frequent residential fl flooding ¢ causes 
orm degradation through reduced quality of living space and reduced 
= life. This process lessens the confidence of individuals and financial _ 


institutions in the neighborhood, and this in turn ae further declines. 
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7 ommonly | this — in postponement of needed repairs and froquest sale 
of homes to transfer the problem to an unsuspecting owner. = ait) 
Several factors, in addition to the geographical and geological factors previously a 
considered, influence flooding. Principal among those is the rapid post war 1 
population growth and suburban expansion which peaked in the 1950s. Growth _ 
pressures of that period resulted in development of many flood-plain areas. ea 
At that time urbanization of those areas was considered to be politically sound 
and economically expedient. Orderly development was the rule of the day, __ 
and areas adjacent to service facilities were given priority for ee 
the with little regard | to natural hazards such as flooding. et 
Poor “management | of natural resources has also contributed to increased 
4 frequency and magnitude of flooding, e.g., erosion from agricultural land and 
5 7 areas undergoing development produce sediment which obstructs drainage facili- — 
7 ties and reduces channel capacities. This sediment also adversely affects water _ 
quality. In addition, as areas been developed, wetlands acting as natural 


- paved and roof eda areas, , and storm sewers rs rapidly delivered the increased runoff & 
& flood plains. The common development attitude has been that on-site consid- 
erations are far more important than the cumulative adverse off-site effects. _ 

a Another major contributor to increased flooding has been the practice of __ 
flood-plain filling. With a flood hazard recognized, developers have filled property 
above supposed ri record flood elevations. The result has been increased flood 

‘Stages resulting from lost storage and conveyance capacity. As a final result, a 

x P additional properties are added to the flood plains, and the problem is both “f 

expanded and partially transferred. 
Alterations to stream channels, either directly by man or indirectly through — 
man’ s ‘mismanagement of natural ‘Tesources, have contributed to the ‘flooding q 


fa larly common in the Chicago area where natural channels are poorly developed. - 
While these channels may provide flood protection to adjacent areas, the | 
dota effects have been commonly detrimental. Inadequate bridge openings _ 

- _ have also produced adverse effects. Contributions to flood damages have also ic 
occurred due to sedimentation and growth of riparian vegetation, both of which 


reduce channel capacity. ~ 
a Government, in the past, within the region has been largely ineffectual in 


dealing with floodwater management problems for several reasons. Of primary © 
importance’ is the fact that the problems have been approached within the confines 


community y problems thus been ignored, and solutions were sought on 
the basis of political expediency. No single agency had been able to deal with ” 
these problems from the standpoint of an overall floodwater management point d 
of view. In fact, agency responsibilities were poorly defined, unclear, and 
conflicting. Communities were seldom able to cooperate to solve mutual floodwa- _ 
a ter problems; in "many cases, one community’s solution adversely ; affected 
- downstream areas. Planning at various governmental levels seldom adequately ra 
recognized natural hazards such as flooding and soil limitations, 
_ The Chicago Metropolitan Area River Basin Study was organized to — 
floodwater and related water resource management problems. Its organization 
stimulated the success of th the ‘Planning for the PL-566 the PL-566 Upper 


4 | 
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Creek Watershed (4) in suburban | Cook County. Development of 
this plan proved to the local people, the MSDGC, and the Soil Conservation 
Service (SCS) that floodwater management plans can be developed for complex : 
urban areas. In 1971, the MSDGC and the SCS entered into a cooperative 
= under the au 
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= ‘metropolitan ar area outside of the Upper Salt Creek Watershed was divided al 

7 five watersheds: Des Plains River, Little Calumet River, North Branch Chicago 
River, Poplar Creek, and Calumet-Sag Channel. Each would be planned to pd . 
intensi intensity as tl | Upper Creek 
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Public involvement has been the key to success for the River Basin Study. 
Citizen : steering committees were formed in each of the five watersheds. These 
_ local committees have representation from a broad range of both public and 
Interested citizens form the core of the committees. Many of these — 
damage to homes. Others | recognize | flood impacts on 


citizens also bring continuity to the steering committees in contrast to Le 
we officials whose tenure may be brief. The local citizen ’s role is further r strengthened - 

_ by his objectivity, being relatively free from political influence. Spree nth tenet 

Steering com committee representation 1 also « comes from environmental groups, a 

municipal and other local government, neighborhood organizations, regional 

agencies, special districts, and planning commissions. Each of these has a role 


the steering committees provide a forum for communication resulting in ‘mutual a} 
suppor of common goals. Noteworthy among the representatives are forest 
_ preserve districts, which have | broad authority in Illinois, drainage districts, 
‘ « and water conservation districts, park districts, and planning commissions, 
- Communication between the steering committees is effected through th j 
eS Metropolitan Area Council of Steering Committees which is composed a 
of the chairman of each of the: individual committees. . The council f furthers 
7 - communication in floodwater management by sponsoring each year an interagency 
: advisory meeting. Participating in this meeting are representatives of the steering 
x. committees, governmental units, agencies, and elected officials. 
Decision making and for ‘Plan development are the functions 
"chosen by the committees to satisf y their water resource ° management objectives. = 
Decisions concerning plan elements are made in public meetings. The plans — - 
_ thus become instruments of the concerned populace with broad public support, ' 
- not plans imposed f from | above by a select group not fully aware of ental 
4 


Po Little Calumet River Watershed covers 136,500 acres in southern Cook 
northeastern Will Counties, Illinois (Fig.3)(7), 


‘States Department of Agriculture, Soil Conservation Service and Forest Service, 7 & 
_ the Metropolitan Sanitary District of Greater Chicago, and the State of Illinois 


- Floodwater damage is a major watershed problem and is increasing due to 
urbanization and flood- — encroachment. Flooding causes extensive aon 


observation ong-term residents forms an important istorica erspective 
7 
i 
| 
4 
= 
flooding closes roads isolating many areas and interrupting transportation on 
’ major highways. Approximately 10,800 acres a nundation by = 


condition 100-yr frequency: flood. Futu damages to existing 
development will average $3,223,900 annually. Future Covelopment in identified 
flood plains i: is now regulated by the State of Illinois (7). 


ultural, forest, and idle land uses 
to urban uses produces sediment which adversely affects surface water quality, 
—- sewage treatment costs, clogs storm sewers, and is deposited in 
channels. Erosion on 30,000 acres of agricultural land reduces” 


long-term productivity and and also produces similar sedimentation and water quality * : 


rs a Recreation and open space needs in the watershed currently exceed availabie 
resources. These needs will grow as Population increases and jemand “a. 


TABLE 1 .—Little Calumet River Watershed Plan: Data Summary ¥ a 


Physical 


Miles of channel ‘modification—20 _ t  Construction—26, 791.3 
torage capacity, in acre-feet: 
Floodwater—11,700 3 Total—40,401. 
Total—12,409 | Cost sharing: 
Surface area, in acres: State & Local—26.6% 
‘ Recreation—12.7 bas Maintenance costs (average annual): 


R — 


h | 


Land treatment measures® & 


Watershed Plan (see Table 1) 
protection and environmental enhancement through an accelerated land treatment 
program, (2) reduce flood damages by implementing floodwater retarding struc- 
tures, , channel work, stream channel maintenance, and flood proofing; and (3) — 


provide increased water-based recreation(7), 
a The accelerated land treatment program provides $2,729,000 for watershed — 
_ protection and critical area stabilization on 21,650 acres. This includes $795, — 

_ for the preparation of resource conservation plans and technical assistance in 

~~ Nonstructural measures consist of a channel | maintenance program and a 
flood-proofing program. The cost of these programs, estimated at $572,600 for 
channel maintenance and $186,000 for flood proofing will be borne by local — 
agencies. Additional costs will be: incurred for administration (7). witgid 
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: o Planned structural measures consist of three single purpose excavated floodwa- b 


: ter retarding structures, one multiple-purpose structure (floodwater storage plus 
_-—-—s« reereational storage and associated facilities), and channel work on 1.99 miles — 
Pa of previously modified stream. Installation cost of the structural measures is _ ; 
= estimated to be $37,401,300 exclusive of project administration. The PL-566 _ 
_ Portion of this cost is $28,819,600, while the other than PL-566 or ae cost yy + 


Total estimated — administration costs are $2, 241,900. The PL- 566 fands * 


he 98% providing $3,157,700 in annual benefits. Recreational facilities to be _ 
installed will provide 123,400 recreation visits annually valued at $185,100. The - 
ve land treatment program will reduce average annual erosion on agricultural land 


from 8.4 tons/acre to 3.8 tons/acre. Sediment Ly urbanizing land will 


assume full operation and maintenance responsibility as provided by <a 
operation and maintenance agreement (7), 
od _ Total average annual benefits of the plan are $3,342,800. Total average a 
costs are $2,882,600. The resultant benefit-cost ratio is 1.2: pivot ad tenes 


7 _ Water Resource Council Principles and Standards for Planning Water and Related 


___ Developing the Little Calumet Watershed Plan required approximately 5 yr. . 


Land Resources (8) were used as directed by USDA procedures (5). Early ie. 


_ studies to determine component needs included preparation of an Environmental © 
Resource Inventory containing detailed information on water quality, land use ; 


geologic sites, open space, and projections of the future condition of these 
elements. Additional studies included hydraulic and hydrologic analyses to — 
determine flood profiles, and detailed mapping (1 in. = 400 ft, contour interval 


] _ = 2 ft) of 109 miles of flood plains. Detailed surveys, including elevations 4 
Es of critical water entry and beginning damage points were then determined for 


stream and flood-plain biota, natural areas, water bodies, wetlands, unique 


oa : some 7,000 flood-plain buildings. Depth-damage curves for each of the major “ 


_ types of buildings were developed on the basis of interviews, published data, 
_ and studies of real property values. Through extensive use of SCS computer 


programs modified for use under urban conditions, the flood-profile information - 


was used to determine average annual floodwater damage by stream reaches. 
Concurrently with these studies, numerous steering committee meetings were 
held on a subwatershed oasis to determine project goals. Once these goals : 


“the process of project formulation began. Numerous alternative solutions to - 


_ Problems could now be examined. Again, SCS computer programs allowed rapid 2h 
evaluation so that those alternatives with the most potential could be presented ns 


waterways and stream channel maintenance costs will be reduced(7). ff 
| 
| 
a 
ss ‘committee’s choice of those alternatives which most closely approach meeting a 
Be) di the committee’s goals and yet may be implemented under the author of PL-566. 
@ Of the 10 committee identified goals, six are fully implementable under PLS66. 


These relate to erosion, stream fishery improvement, and floodwater 
€ management. The remaining four, relating to water quality standards, recreation, oe 
public open space, and wildlife ha habitat, are partially implementable 
+ During plan formulation, it became apparent that solving floodwater manage- * 
ri ment problems in the Little Calumet Watershed would require innovative | 
_ ~measures. While floodwater storage in many parts of the country is conventionally 9 


< Boas by damming stream valleys, this was clearly nc not a a feasible alternative #3 


“a relative to damage areas. Two other reservoirs could be provided by excavation — 


_ There are several advantages to the excavated below- ground P reservoir. First, 
pe e . ‘uses a relatively small amount of land, and since the need for storage is * 
‘Telatively infrequent (2-yr-5-yr frequency), the land may be used for other a 
nd ‘Purposes such as recreation with no conflict to the flood-control function. No 


_ downstream hazard is imposed, since water is not stored at an elevation higher aa 
than the flood plain. Additionally, no extra storage or “free board” is } required 
. ee protect the structural integrity of the reservoir. If the design capacity of ws 
* the reservoir is exceeded, the surrounding area floods and the reservoir becomes _ 
y a part of the flood plain. Structural protection | is required only for the hydraulic 
There are also disadvantages to the excavated reservoirs although they are - 
_ outweighed by the advantages, e.g., groundwater inflow and direct precipitation 
_ ‘must be pumped from the reservoirs thereby contributing to operation and 4 
4 maintenance costs. Contamination of adjacent groundwater may occur during ie 
f - flood storage. However, upon reservoir drawdown, positive groundwater inflow _ 
_ is restored, thus flushing the system and preventing significant contamination. — a 
Additionally, the glacial deposits into” which the majority of reservoirs are 3 
~ excavated do not provide useable aquifers, thus further minimizing the problem. 
a The Little Calumet Plan is closely coordinated with existing programs for on 
_ floodwater management. Of primary importance is the Illinois Department of ie 
Transportation, Division of Water Resources Regulation of Constrection within 
the Little Calumet River Watershed (1). This program, which utilizes the 
flood-plain maps” and profiles developed for the Watershed Plan, is in fact 
prerequisite for project implementation, since flood-plain regulations are required 
- be in effect before federal funding. The National Flood Insurance program — 
—! through the Flood Insurance Administration in connection with 
. _ Housing and Urban Development (HUD) and in cooperation with the Illinois a 
_ Division of V Water Resources i is also in effect in the watershed. ‘The “% 
(TARP—MSDGOQ) i is considered to contribute no runoff, since all drainage 
be conveyed to subsurface mined-rock storage areas. The Thornton Quarry 
) “y will be partitioned to serve as reservoirs for both TARP and the Little Calumet 
a A debris removal project along the main stem of the Little Calumet River, — 
the Corps of was considered in project 


aes. With high land values and intensive development, this was clearly 
mam =—Stsént0ot' feasible. However, large storage volumes could be attained by using an 
7 __ existing rock quarry and sand pit which were situated in favorable locations — te 
a 
2 
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In the of the watershed, the Corps’ 1973 Interim 
Review Report recommendation of channel improvement for flood control, 
_ recreational navigation, and recreation, is considered to be the recommended © i 
“a plan for water resource development as supported by the State of Indiana. a 
5. - _ Project formulation was also coordinated with on-site detention requirements 
(of the MSDGC Sewer Permit Ordinance (2) and local ordinances for control 
- of runoff from t ‘urbanizing land. The status of local erosion and sediment discharge _ 
“control ordinances was also considered in project formulation. The planned 
land treatment program includes technical assistance to local goverment 
In addition to the benefits or favorable economic impacts, the project will | 
have the following favorable environmental in impacts: 
; a 4 . Improves esthetic qualities of the areas by reducing erosion and ined 
tion in streams, lakes, and reservoirs. 
_ 2. Reduces sediment leaving urban construction sites from an average rate ‘ 


au tons/ acre-2 t tons ns /a acre > annually. 


aoe Prevents 52,700 tons of sediment from entering streams seach year. i sdt 2 
Increases and improves wildlife habitat. bes 
6. Reduces the level of suspended solid concentration in streams and lakes. a 
7. Provides resource data so that urban development can be compatible with Es 

8. Provides for the removal of debris from 109 miles of stream channel. oT ‘ 
_ 9. Reduces the area subject to flooding from 10,800 acres to 4,900 acres ae 


Protects 6,615 residences and 142 businesses from 
ne 


Rivers, thereby decreasing potential flow of wastes into Lake Michigan. 7 
13. Augments stream flow by approximately 4,000 gal/min as a result of — 
groundwater from floodwater retarding structures. $= | 
14. Preserves and i | improves esthetic qualities of 107 miles of stream. la aaa 
15. Creates 12.7 acres of permanent water providing aquatic habitat. 
_-:16. Creates 78.6 acres of water surface which will provide waterfowl bait 
until displaced by sediment accumulation, 
Provides 345 acres of public open space. 
oa Enhances existing channel along 107 miles of stream. 
- = The sponsors of the Little Calumet River Watershed Plan are actively working» 
. toward implementation, although federal funding is still 1 yr—2 yr in the future. 
_ They recognized that their position before congressional committees will “| 
= enhanced if they have in fact demonstrated their support by moving ahead 
with local responsibilities. Through a Preliminary Land Acquisition Memorandum. ae 
of Understanding, the MSDGC ‘has to provide up to $7,500,000 


already acquired 45 acres of the 118 acres for Multiple-Purpose 


| 
oy 


“the watershed is now adequately treated for erosion to This represents — 
a step the 15% soquised before of 


_ The seven sponsors have now signed the Watershed Plan mo ill an 
important document in that it shows the intent and responsibility of each of . 
_ the local sponsors. The plan is now ready for presentation to the House and " 
- Senate Public Works Committees for approval after review by the Water — 
__ Resources Council and the Office of Management and Budget. The chief - 
the SCS may authorize it for construction following Congressional approval. 
After detailed project agreements are executed for specific structural measures, 
and after the sponsors satisfy requirements for erosion and sediment ‘control 
nonstructural measures, construction may proceed. 
_ The Upper Salt Creek Watershed Project is now authorized for construction, a 
im the SCS recently approved a project agreement for $3,800,000 covering — te 
= of Floodwater Reservoir Number 5. The sponsors of the Little | 4 
Calumet River Watershed Plan are actively seeking PL-566 funding, and in 
4 August 1978, SCS approved federal planning assistance for the Lower Des Plaines — 
_ Tributaries Watershed. For the North Branch Chicago River Watershed, imple- 
, General Design 
. Memorandvm by the Corps s of Engineers. Poplar Creek and Calumet- -Sag Channel 
7 Watersheds, where floodwater damages are not serious, do not require extensive 
structural measures. The Illinois Division of Water Resources is now implementing 
flood- -plain regulations and small- scale Structural measures in these watersheds 


wax 
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federal funding requirements can be implemented in urban areas. The key to . 
plan success lies with effective public involvement through broad-based watershed _ 


s “Report on the Regulation of Construction within the Flood Plain of the Little Calumet ae 
River and Tributaries in Cook and Will Counties,’’ Illinois Department of Transportation, - > 
Division of Water Resources, Springfield, Il., Nov..1976. ss 


2. oe: ‘*Sewer Permit Ordinance, July 10, 1969, as Amended for on Site Detention,’’ Metropoli- 
tan Sanitary District of Greater Chicago, June, 1972. 


3. “Tunnel and Reservoir Plan: Surface Storage Location Alternatives,” Metropolitan 


_ y 32. It is anticipated that three of the reservoir sites will be fully ac 
to Congressional funding of the project. 
-_.... Will-South Cook Soil and Water Conservation District is 
in Cooperauon Wi OCal government. 
a j. The Chicago Metropolitan Area River Basin Planning effort has been unique — 7 
a _ in terms of scope, public participation, and agency cooperation. Progress to - ' 


W 25 = 
- “Upper Salt Creek Watershed Work Plan for Watershed Protection and Flood Preven- 7 
“ ‘il tion,’’ United States Department of Agriculture, Soil Conservation Service and Forest € 
Service, Washington, D.C., May, 1973. _ 
5S. “United States Department of Agriculture Procedures for Planning Water and Related 
_ Land Resources,”’ United States Department of Agriculture, Economic Research Service, 4 4 
Forest Service and Soil Service,’ United States Government ‘Printing 
Office, 1974.” mi A 
6. “Our Community and Flooding: A of Floodwater Plans 
— the Chicago Metropolitan Area,’’ United States Department of Agriculture, Soil Con- — 
servation Service and District of Greater ‘Champaign, 
“Watershed Plan and Impact for Little ‘Calumet 


_ Watershed,”’ United States Department of Agriculture, Soil Conservation Service and 


Forest Service, Champaign, Ill., Nov.,1978. 
8. and Standards for Planning Water and Related Land Resources,” Federal 
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"MANAGE EM ENT DIVISION, 


By E. Price,’ ASCE Leonard and Leonard Ortolano, 


The Bureau of Reclamation (referred to herein as ‘‘the Bureau’”’ and recently 


“renamed the United States Water and Power Resources Service) i 


iliti 
resources development projects in the 17 western states. ‘Two recent “mandates 
have required the Bureau to generate a considerable amount of information 
concerning ‘‘environmental’’ factors while carrying out its water-resources 4 

4 planning : The National Environmental Policy Act of 1969 (NEPA) requires the 
Preparation of Environmental Impact Statements (EIS), and the the US Ss. Water 
require water re resources 
a agencies to consider both environmental quality and national economic, develop- >P- 3 
meat as planning objectives, 
* _ This paper summarizes results from a research project that EES on the 

< identification of the practices and procedures through which planners have been 

the most effective in increasing the consideration given to environmental concerns a 
in planning and decision- -making In this 1 research, ‘ ‘environmental’ concerns 
- are considered to include everything except economics, engineering concerns, 
_ and traditional missions of the Bureau, such as irrigation and power generation. P 
; Thus, both the natural and social environments are considered. = saan Lae 
‘The research approach involved _ determining the extent to which various 
_ a ‘Research Analyst, Calif. Public Utilities Commission, San Francisco, Calif.; formerly _ 
"Grad. Research Asst., Dept. of Civ. Engrg., Stanford Univ., Stanford, Calif. 94035. 


: ” ? Assoc. Prof., Program in Infrastructure Planning and Management, Dept. of Civ. Engrg. > - 

Stanford Univ., Stanford, Calif.94035. 
& Note. —Discussion open until August 1, 1981. To extend the closing « date one month, 
a written request must be filed with the Manager of Technical and Professional Publications, 
ASCE. Manuscript was submitted for review for possible publication on July 17, 1979. 
_ This paper is part of the Journal of the Water Resources Planning and Management © 
Division, Proceedings of the American Society of Civil Engineers, ©ASCE, Vol. 107, 
No. WRI, March, 1981. ISSN 0145-0743 /81 /0001-0027 / $01.00. Lickin ea" 
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hypotheses suggested previous, research (see, e.g., Ref. 6) on the 
_ Corps of be and the Soil Conservation are Felevant | to the planning 
terms and subjected | to ‘testing in 29 ‘case studies of planning 
investigations carried out in 12 Bureau offices. 


Bureau of PLANNING Process 


sources projects generally involves four principal parts: (1) An appraisal inves- 4 
tigation; (2) a | feasibility investigation; (3) the review and authorization of 4 


project to herein as a “definite- -plan investigation’ Appraisal in inv 
4 tigations are performed when an . intermediate planning step is required between et 

so-called “framework studies’’ (e.g., river basin plans), and feasibility investiga- 

~ tions. Appraisal investigations deal with needs projected for 15 to 25 years 

in the future, and normally require 2 years or less to complete. Analysis” is 

based primarily on existing data. 

Feasibility investigations deal with needs projected for 10 to 15 years in the | 
_ future, and require 3 years or less to complete. In feasibility investigations, 
multiobjective planning is implemented in detail, using an iterative plan formula- 
tion h 

process that is consistent with the Water Resources Council’s “Principles” 

me and Standards.”’ This process emphasizes the development of more than one 
viable: alternative plan and the involvement of the public in planning. The 


in which the alternative plans are progressively refined and new alternatives 


\: 4 formulation and evaluation of alternative plans i is generally an iterative nave, a 
q 3 which often represent compromises between earlier alternatives, are formulated 


7 _ and evaluated. The plan formulation process typically yields a plan emphasizing a 


_ the national economic-development objective, a plan emphasizing the environ- 
 mental- -quality objective, and one or more plans that are in: some sense intermediate 

between the two. The level of detail of feasibility investigations must be sufficient 
. to allow the planning officer of the Bureau region in which the study area 


_ exists to compare the alternative plans and select the most appropriate one _ 


a. Unless local sponsors will reimburse the total costs of a project, Congress 
a must authorize the | project prior to construction. Normally, a project proposal 7 
(as contained in a feasibility report) goes through a process of review by other 
Federal and state agencies and officials before it is authorized. Following an 
extensive administrative review, the Secretary of the Interior Transmits ae ; 
feasibility report along with his recommendation to the President (through the a 
Office of Management an and Budget). After further administrative. Teview, the 
Secretary of the Interior transmits the report and i its associated review y documents x 
to Congress for authorization for construction. Authorization is complete when a 
Vs a bill has been passed in final form by both the House and Senate and signed | 
_ by the President. Funds for project construction are provided by acts that are mG 
_ Following project authorization, the definite-plan investigation is carried out _ 
to review the proposed plan of project development, resolve any remaining ei 
questions with respect to the plan, make necessary sovisions ow by events 
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3 that occur to | preparation of the feasibility report, 

information required for the preparation of final designs and specifications for 

4 construction. Public participation is generally less extensive during definite- -plan : 
=] ‘investigations than it is during feasibility investigations. The activities included 

a definite-plan investigations vary with the particular conditions surrounding 
- the associated projects. The most important differences between feasibility and 
- definite- -plan investigations are that: (1) Only feasibility investigations are gov- _ 

-erned by the United States Water Resources Council’s “Principles and Stan- 
dards,” and (2) only definite-plan investigations have a recommended plan that 

dis 
‘Because: the key mandates requiring 1g the consideration of environmental factors 

in planning investigations have been implemented only in the past few years, 
_ and because the time required to carry a project planning study from the appraisal ; 
investigation through the definite-plan investigation can take many years, two 
types of ongoing and recently completed Bureau planning investigations ‘were P 
examined: feasibility investigations and ¢ definite-plan investigations. The research a 

- included a total of 18 feasibility investigations and 11 definite -plan : investigations, Ls : 
and this represents approximately 80% of the planning studies having been 
conducted recently enough to have been influenced by planning procedures _ 

“4 reflecting the National Environmental Policy Act (NEPA) and the Water Re- 


sources Council's s “Principles a and | Standards” and having been already completed 


es nearly ‘completed. (These planning investigations | are referred to herein a: as 


A “dependent variable” was and measured for a sample of planning 
studies in each of these two groups. For the feasibility investigations, the - 
dependent variable represents the influence of environmental information on 
formulation of alternatives (referred to herein as the ‘‘formulation variable’’). 
i a This variable reflects: (1) The number of environmental objectives and constraints — a 
_ considered in the formulation of alternatives, relative to all objectives and 
constraints; and (2) the influence of ‘‘environmental advocates”’ on the outcomes _ 
of planning tasks related to ‘problem definition’ and the formulation of a 
_ alternatives. (These ‘ ‘advocates”” include the Bureau’s environmental specialists, — 
environmental interest groups, the general public, and governmental agencies 
other than the Bureau and eventual users of the project.) For the definite- plan 
3 investigations, the dependent variable represents the influence of environmental : 
information on the modification of the plan authorized by Congress before _ 
initiation of the definite-plan investigation (referred to herein as the “‘modification 


This variable reflects: (1) The extent to which the Congressionally 


effects o of the authorized plan on selected environmental 
and (2) the influence of the aforementioned environmental advocates on the 
- outcomes of planning decisions made during the definite plan investigation. 

' . Formal a priori hypotheses concerning circumstances that might lead - 
increasing the influence o of environmental aiahmeded were formulated on 


this: previous research i is summarized by the writer The 


take the form of * acacia variables” which, when increased, are expected 


| 
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to increase the ‘ “influence of cabins factors, oa e., the value | of the | 
dependent variables. The independent variables are categorized into four variable 
groups as follows: organizational design, attitudes, external coordination, and — 
The research involved testing the a priori hypothesis by measuring the variables _ 
for each of the planning investigations included in the research, and then analyzing 
the results to see if the scores are consistent with what would be expected — 
_if the hypotheses were true. The principal source of data used in measuring 
_ the variables consisted of interviews with the following two people for each 
planning investigation: (1) The person who played the key role in coordinating 
the engineering and economic aspects of the planning study, referred to herein 
4 as the ‘ ‘planning leader’’; and (2) the person who coordinated the environmental — 
aspects of the planning study, referred to herein as the “environmental specialist.’” 
The interviews were built around a structured, pretested interview schedule 
and typically lasted several hours per planning investigation. The interview data 
was supplemented by data obtained from planning documents and from follow-up — 
letters and telephone conversations which "cleared “up any ambiguities that 
Temained after the interviews had been conducted. 
_ The procedures for scoring the dependent and independent variables are such 
that it is often possible only to rank order the planning investigations in each — 
_ of the two samples with respect to a given variable. Thus, e.g., it is possible 
_ to say | that planning investigation A scored higher than planning investigation 
__B, but it is not possible to say that it scored ‘‘X times’’ as high. To examine 
_ relationships between variables of this type, it is appropriate to use nonparametric — 
eck procedures. One such procedure, which was widely used in this 


research, involves the computation of the correlations between the rank order | 
obtained for a dependent variable and an independent variable. The strength 
of this correlation is reported herein by “Kendall's rank correlation coefficient”’ 
t, and the corresponding level of significance, p; the latter re represents ts the 
_ probability of obtaining a given value of + if, in fact, there is no underlying 
_ relationship between the two variables. The rank correlations obtained in this 
are considered to be ‘“‘statistically significant” if p < 0.10. The scoring 
procedure fi for some of the independent variables involves only two possible 


scores (e.g., “‘yes’’ or ‘‘no’’). In these cases, the ‘‘Mann- -Whitney exact test’’ 


is appropriate to analyze the nature of the relationship between the dependent _ 


and independent variables. Details regarding these statistical procedures are _ 


_ The research results reported herein are determined through a combination — 
of s Statistical data analysis, compilation of observations made during interviews 
for the 29 case studies, and anecdotal knowledge of the individual case studies. 
In the interests of brevity, only a few of the hypotheses tested are presented _ 
herein; the ones presented correspond to some of the highest correlations achieved 

between dependent and independent variables. A more complete description — 


of the research design and a more detailed batons ne of research Tesults: 


is given by the writers (7). les 


Mu riviscipunary PLANNING VeRSUS INTERDISCIPLINARY PLannune 


7 The C Council on Environmental tal Quality’s 1973 guidelines for for implementing 
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NEPA recognize NEPA’ s ‘Section 102(2)(A) requ requirement that Federal agencies 

“utilize a systematic interdisciplinary approach’’ to impact assessment, = 
- caution that an interdisciplinary approach should be used in Planning as well. 


are trained in a variety of ' disciplines. As examined by Dorsey and Fox (1), _ 
_ interdisciplinary planning can be distinguished from multidisciplinary planning — 
as follows: Individuals working in a multidisciplinary effort may pursue different 
objectives which are loosely related to one another, whereas participants in 
an interdisciplinary effort endeavor to utilize their individual theories and 
_ methodologies i in an integrated effort to achieve a common project objective. _ : 
_ Several aspects of the hypotheses tested in this research concern the three _ 
traits which Hill (3) argued should be observed if interdisciplinary planning — 
is occurring, namely: (1) Group meetings in which all disciplines are represented; 
(2) participation of environmental specialists in the formulation of alternatives; _ 
and (3) a high degree of informal coordination and communication een 
_ engineering planners and environmental specialists. The findings of the eescarch — 
a are reviewed in the following in the context of these three traits. Observe that | 
the measurement of interdisciplinary planning was not a part of the - original 
a _ research design, and so it is not appropriate to state conclusions regarding its _ ‘ 
a] importance in increasing the consideration given to environmental factors. The 
concept is nonetheless useful, however, in interpreting some of the principal 
findings regarding the consideration of environmental factors in Bureau of © 
Use of Group Meetings.—The Bureau’s Reclamation Instructions (10) specify — : 
that planning teams will be used during all feasibility investigations. These planning _ + ; 
_ teams met as a group in 17 of the 18 feasibility investigations included in this 
_ research, and an environmental specialist was a member of each of these teams = 
_ The one feasibility investigation that did not involve a planning team received 4 ; 
the lowest score on the formulation \ variable (ie. the dependent variable 
measuring the extent to which environmental information influenced the formula- 
~~ tion of alternative plans). Because there is so little variation in whether or 
— not planning teams are used in feasibility investigations, it is useful to examine i 
_ the frequency of planning-team meetings. Although the Reclamation Instructions 
_ specify that planning teams will be used in \ all f feasibility investigations, they 
do not specify the number of times that a . planning team should meet. A positive 
_ rank order correlation is observed between the frequency of planning-team 
meetings and the influence of environmental factors on the formulation of : 
A alternatives (+ = 0.40; p = 0.02). This supports the notion that the perenne 
of environmental factors on the formulation of alternatives increases as environ- 
mental specialists participate as members of tcams that are active, , where team 
activity is reflected by the frequency with which teams meet. od) 
_ Planning teams that met as an entire group and that included environmental 
specialists as members were used during only five of the eleven definite-plan | a. 
investigations included in the research. Although these five investigations achieve _ 
_ higher modification variable scores than the six studies for which no planning 
team of any kind met, the difference in scores is not great enough to be statistically - 
_ Significant at the 0.10 level (Mann-Whitney exact p = 0.16). ee. iv 2 
_ Expected Duties of Environmental Specialists.—The second of the three traits 


4 
Hill indicates woul would be expected if were being 


Use giscipiinary Planning Tequires more than using planners who 
5 


out is the of in the formulation 
of alternatives. The research includes an a priori hypothesis which suggests 

. - that the influence of environmental information on the formulation of alternatives _ 
will increase if the duties of environmental specialists include a broad range 

: of activities concerning the formulation and evaluation ba alternatives, rather | 


EIS. Analysis of this hypothesis re relies on interview ; asking 
planning leaders to indicate the three most important duties that they expect 
of environmental specialists, and asking environmental specialists to indicate 
the three most important duties they believe planning leaders expect of them. __ 
The answers to the aforementioned questions were examined to determine "4 
| Whether the environmental specialist was expected to perform each of ‘the 
~ following duties: (1) Identification of project objectives; (2) identification of 
constraints on project planning; (3) formulation of alternatives; (4) impact — a 
assessment; (5) plan selection; (6) public participation; (7) interagency coordina- — 
ton (8) development of baseline data; and (9) review of the work of others. — 
The responses from the interviewees provide a basis for constructing two ‘breadth 3 
of duties” indexes, i.e., one representing the breadth of duties that Planning — 
leaders expect of environmental specialists and one representing the breadth — 
of duties that environmental specialists believe planning leaders expect of pore 7 
~ High scores on these indexes are received when large numbers of the duties ; 
listed above are expected; these high scores are interpreted as an indication 
_ that the environmental specialist was not restricted to examining issues" that 
~ focused only on the environment. If the a pi priori hypotheses | were true, then 
it could be expected that planning investigations that receive high scores on 
the ““breadth- of-duties”’” index would also receive high scores on the 
q The data gathered for feasibility investigations supports the a priori hypothesis — 
in several ways. In particular, the rank correlation between the formulation — 
variable and the breadth of duties index based on planning leader responses 
is + = 0.48 (with p = 0.006). The data analysis indicates that there are — 
. - duties that (1) are expected by less than half of the planning leaders, and of 
1 Show a positive and statistically significant relationship with the influence of 
E environmental factors in the formulation of alternative plans. These duties include 
the following: interagency coordination, ‘definition of constraints, public parti- 
- cipation, and plan selection. It seems that the role of environmental specialists - 


: in feasibility investigations should be focused on a broader range of activities 
than is now the case in many investigations, 

, ‘The Statistical tests run for the feasibility investigation data were run for 
: 7 ‘y ‘the definite-plan investigation data as well. However, the results are completely 
"different i in the sense that virtually no noteworthy correlations with the indexes _ 

_ were determined. In other words, there is no support for the postulated relationship | 
_ between the influence of environmental information on the modification of a 
eee authorized project and the extent to which environmental 
specialists are expected to perform a broad range of duties. The results indicate, _ 
= that one notable duty, which is positively and significantly - correlated 
~~ the influence of environmental information on the modification of an 
authorized plan, concerns “‘the review of plans developed by others’’ (Mann- 


| 


supportive of the a priori hypothesis, ‘several impressions ; gained during the 
various case study interviews indicate that the specification and perception of 
the role of the environmental specialist represents a nontrivial issue worthy 
_ of careful consideration. One general observation gained in these interviews _ 
is whether an environmental specialist functions as an active planner (in contrast 
to a staff advisor) is important. The consideration of environmental factors _ 
pm is not enhanced by restricting the role of environmental specialists to ‘ ‘staff a 
a functions,” ’ i.e., providing specific input in response to requests made by a ae 
on planning leader. Environmental information is likely to have a greater influence a 
on planning outcome if environmental specialists are active as planners, , and 
' not just staff advisors. The case studies also suggest that the self-motivation — ia 
eg of environmental specialists to become involved in all aspects of planning may F 


_be an important factor in determining the extent to which such specialists influence 
planning decisions. Unfortunately, this suggestion can only be inferred from 
related results because the measurement procedures utilized in this research pl 
were not designed to provide a direct assessment of ‘specialists’ 
‘motivation to become involved in all aspects of planning. ber 
Communication between Engineering Planners and Environmental Specialists. — 
The third of the traits of interdisciplinary planning described by Hill (3) concerns | 
“coordination and communication between engineering planners and environmental 
specialists. The a priori hypothesis corresponding to this trait states that the - 
eas of environmental information on the formulation of alternatives, and = 


= coordination and communication between engineering planners and 
environmental specialists. The interviews with planning leaders and environmental _ a. \ 
specialists included questions asking respondents to indicate, using 5-point scales, 4 


the extent to which each of several conditions prevailed. The hypothesis was 
_ tested by constructing indexes using the responses gathered for each planning 
investigation included in the research; these indexes represent the extent to 
_ which the communication between the two respondents encourages the transfer 
of information between them. The indexes are computed by counting the number 


characterizing their communication. For the data. collected, this index consists 
Of the following characteristics; 


since)? 


ue At least 40% of communication is innovation-oriented. Ciaeuan 
_ 4, Feedback is requested at least three-fourths of the time. 
Feedback i is provided at least three-fourths of the time. 
_ There are positive and statistically significant correlations between both 
F dependent variables and the indexes based on both planning- -leader and environ: 
_ mental-specialist responses. For both dependent variables, these results are 


the correlation | results that are not 
4 
| 
: _ the planning leader and the environmental specialist encourages the transfer aid 7 
of information between the two. This hypothesis corresponds to Hill’s suggestion 
_ that interdisciplinary planning is characterized, in part, by a high degree of ~ 


consistent with what be if the a priori were true. 
To further explore this finding, correlation coefficients were computed for each 
of the five attributes that was included in the indexes. For the el 
_ investigations, the individual items for which either or both of the 1 oon 
peers. have positive and statistically significant rank correlations with g 
_ formulation variable are the use of informal relationships, a high pone ll a 
of communication, and an orientation towards innovation. Indeed, an emphasis 
on frequent, informal interactions might be expected during early stage of » 
planning, and this is supported by the observed correlations with the formulation 
? variable. In sharp contrast, the two feedback items played a central role in 
terms of statistically significant correlations with the modification variable. This 
4 reflects the importance of the review of previous plans as being a principal 
Should Planning Be More Interdisciplinary in Nature? —The foregoing examina- 
tion focuses on three traits which Hill (3) has argued | should be observed if 4 
interdisciplinary planning is occurring: (1) Group meetings in which all — 
_ are represented; (2) participation of environmental specialists in the formulation 
“of alternatives; and (3) a high degree of informal communication between 
7 engineering planners and environmental specialists. Using these three traits as 
: a crude guideline for saying that interdisciplinary planning did or did not take > 
7 - place, the research results suggest the following: Of the two samples of worhersegl 
investigations included in the research, the only sample for which interdisciplinary : 


planning was being carried out to any noteworthy extent is the feasibility 
_ investigations. Moreover, for this sample, the planning investigations that received 
high sc scores on nm the formulation variable generally Teceived relatively | high s scores 


the feasibility investigations, these results provide | the basis for the following - 
a posteriori hypothesis that could be subjected to future testing: the influence 
of environmental information on the formulation of alternatives will be increased © ™ 

_ if an interdisciplinary planning framework is employed. In research such as — be 
that discussed herein, it is inappropriate to test the e validity of an a posteriori . 

hypothesis using the same data set that originally suggests the hypothesis. In 
order to test this a posteriori hypothesis, it would be necessary to provide 
an operationally meaningful measure of the extent to which interdisciplinary 

_ planning occurs during any given study, and then to implement the measurement 
procedure for the relevant planning investigations included in the research. Future 
Studies could use ‘Hill s three traits: asa Starting point i in n constructing a measure 


interdisciplinary and multidisciplinary planning offered by Dorsey and Fox (1) 
that the sharing of common goals among in planning could 
be considered as a fourth trait of interdisciplinary planning, = == = 
For definite- “plan investigations, the research Tesults do not the basis 


a small number of the 11 definite-plan investigations in which eieeiedibtary 
planning had taken place. Planning teams were used in less than half of the 
ul case studies, and the formulation of alternatives was an expected duty of — 
environmental specialists in only a few of these studies. With their emphasis — 


| 
together with qualitative impressions gained from the case study inter- 
iq 


“4 on the of most definite- -plan i investigations seemed to be carried 
out using a multidieciplinary (as opposed to an interdisciplinary) planning 


ORGANIZATIONAL | Structures A tise 


Tam: 
The research also other of planning investigations 
that were believed to promote effective consideration of environmental factors. 
_ One of the a priori hypotheses examined in the research indicates that the 
£ of environmental information os on the gunners of. alternatives, and 


TABLE 1 between Dependent Variable and Alternative live Organizational 


Formulation Modification 


| Regional Office: Planning 
leader and environmen-| 
43 _ tal specialist in Division) 
of Planning 
Regional Office: Planning 
leader in Division of 
Planning, environmen- | 
4 tal specialist outside — 
Division of Planning 
Field Office: Environ- | 
mental specialist on 
Field Office: No environ- 
planning staff 


on the modification of an authorized plan, will increase if the relative organiza- 
tional positions of the planning unit and the unit containing the environmental 
specialist(s) lend greater au authority to. ‘o the ‘environmental specialist(s). In case 
studies of water resources planning in two Corps of Engineers district illite; 

Randolph (9) suggests that somewhat greater influence on the planning process 

is exerted by an environmental unit that is separate from (but on an equal © 

level with) the planning unit, than by one that is contained within the planning © 
2 If Randolph’ s finding | is s applied to the Bureau, one would expect to find 
that the influence: of environmental factors on planning ‘outcomes would be 
> _ greater in Bureau offices in which the environmental unit is separate from (but — 

the same level in the office hierarchy as) the planning unit. ROME 
_ Alternative Locations for Environmental Specialists.—Project planning in the “| 
Bureau is conducted —" seven a offices. There are additional field 


| LOW | Middle, rig 
scores scores scores |scores 
F 
of 


The analysis of the of environmental units and "planning 
‘units in Bureau offices is complex because of the wide variety of organizational 
_ structures of the different regional and field offices. To examine the hypothesis, 
the organizational arrangements | used in most planning i investigations wer were grouped > 
into the four categories shown in Table 1. Observe that the columns in Table 
1 are divided into two main groups corresponding to the two dependent variables. _ 
Within each group, the case studies are further divided into three parts based 
on ‘‘cutpoints’’ in the dependent variable scores that (1) place roughly the same 
4 number of investigations in each range of scores, and (2) appear consistent 
q with overall impressions gained from the case study interviews. _  - 
Because the a priori hypothesis relates only to the types of “organizational 
an found in the regional offices, only the first two rows of Table — 
4 are relevant to hypothesis testing. These data indicate that there is no support — 
a the portion of the a priori hypothesis that concerns the formulation of © 
alternatives. There is, however, some Sent for the portion of the a 9 plot 


definite- -plan investigations in aie offices and using an environ- 
mental specialist located outside the Division of Planning receive higher modifica- 
_ tion variable scores than the two investigations conducted in regional offices — 
and using an environmental specialist located within the Division of Planning. _ 
4 Although the level of statistical significance associated with this relationship 
is only Pp = 0. 17, that is the lowest level attainable if the > sample size a 
in the Mann-Whitney test is only 4. 4 
_ Alternative Roles of Environmental Specialists. —The lack of strong support — 
; for the portion of thea priori hypothesis concerning the formulation of alternatives - 
can be explained by an argument proposed by Jenkins and Ortolano (4): a 
Environmental specialists perform several different roles in planning investiga 
tions, and ‘no single organizational location is appropriate for conduct of all — 
of these roles. Planning, report preparation, report review, and coordination - 
_ with outside environmental spokesmen and hired consultants are relevant activities ; 
in feasibility investigations. Jenkins and Ortolano argue that the planning role = 
of environmental specialists is highly interdependent with the engineering and 
other tasks (e.g., economic evaluations) that are associated with water-resources = 
- planning because the output of engineering planners and environmental specialists 
become input for each other; the placement of environmental specialists within 
the Division of Planning of a regional office facilitates the task integration and 
coordination (e.g., scheduling of work) necessary between environmental special- 
: ists and others involved in those tasks. In contrast, there is a high degree — han 
of ‘differentiation’ between the tasks of those engaged in the preparation and a 
‘review of environmental reports. (Tasks are said to be differentiated when 
_ differences in orientation or outlook are required in their performance.) The 7 
report preparation and review roles require a high degree of objectivity in making — 2 i 
environmental assessments that may be critical of plans developed by the Division 
of Planning; environmental specialists outside of the Division of Planning can 


offices under the region 
4 Organizational differences 
i of environmental work, 
“ in as many as three geographical locations, each with slightly different organiza- 
> 

a 


BUREAU OF RECLA ATION 

more » effective i in providing this type of objective : assessment. The argument | 

ere is that environmental specialists within the Division of Planning would 
te less objective in providing assessments of plans that they helped to develop. 
Moreover, in instances: where environmental specialists outside the Division 
of Planning differ with engineering planners, these specialists at least have the 
_ option of referring these differences to a higher level in the regional offic ’ 
hierarchy. While such hierarchical referral may not be used frequentiy, the 
option of using it is felt to be significant (4). Thus, for feasibility investigations, 
there is no single location for environmental specialists that increases the 
effectiveness of all of the various roles played by such h specialists. 17 The data 
— for feasibility studies i in Table 1 are consistent with the | perspective that neither 

a category | nor category 2 provides, in any complete sense, the best —— 

7, ‘Jenkins and Ortolano also suggest that it may be preferable to locate environ- ia 

_ ‘mental ‘specialists in more than one organizational unit. For example, the 

: - environmental specialists engaged in the definition of objectives, the formulation _ 
of alternatives and other basic planning ac activities could be located within the 
Division of Planning, and other environmental specialists could be located outside 
£ the Division of Planning for purposes of review of plans and reports and for 


as well as providing coordination with outside environmental interests, while = 

_ one or more > environmental ‘Specialists: within the Division of Planning could | 2 
arguments this st suggestion a are re supported by! two pasticular ces case studies 
in which the environmental specialists who were located both inside and outside = 
the Division of Planning played active roles in the planning investigations. —_ 


The advantages of locating environmental specialists outside the Division 


— 
tions. For | definite- -plan louiatiuetions s there is much less | emphasis on p planning 
= « the sense of formulating new plans) and a much greater emphasis on report a 


environmental specialists in a unit that is separate from the Division of Planning. — 
, In addition to the ability to make hierarchical referrals and increased objectivity — Z 

in report preparation, a separate un unit for en environmental specialists can be useful - 
in facilitating coordination, i.e., liaison efforts with outside environmental _ 
- spokesmen. These advantages provide a partial explanation for the results in ii 


a { providing an interface between Bureau planners and outside environmental . 
& spokesmen. This would make it possible to obtain good coordination and 
integration of environmental perspectives on routine planning activities and a | 
 ¢ritical in- -house review of the planning effort by the environmental | specialists. - 
outside of the Division of Planning. Alternatively, environmental specialists 
_ located outside the Division of Planning couid perform basic planning activities 


_ Table 1 that show category 2 definite-plan investigations as having hi higher scores : 


on the modification variable than those i in category 1. » 
research results concerning organizational — 


én issues centers on n the use of field offices vis-a-vis regional offices —- 


‘conducting planning investigations, i.e., categories 3 and 4 in Table 1. First 

consider category 4; the data in Table | suggest that this organizational arrange- a 

_ ment, in in which the engineering planners are in field offices but the environmental 


: 
4 
some clear advantages for having report preparation and review performed 
4 
| 


4 pecialists are in regional oft fices, is not very effective as a means of incorporating © 


environmental factors into planning. In contrast, the | data for category 3 (i.e., 
_ investigations in which engineering planners and ‘environmental specialists are : 
_ together in field offices) show that this arrangement is generally associated 
7 with higher scores in the dependent variable than any of the organizational 5 
‘field offices represented by the other categories. Because the importance 


_ concerning them was tested. However, , the research results suggest that it may : 
worth investigating this subject further in future research. 

Coordination with Orner Acencies ano Pusuic m 


on planning outcomes the value of an ‘ “open’ planning 
process that actively seeks external input on project-related environmental issues. — 
- Some of the strongest positive, statistically significant relationships are found 
between the dependent variables and the variables characterizing the involvement 
in the planning process of other agencies, environmental interest | groups, and 
a - the general public. These relationships ar are consistent with general impressions 
gained through the field interviews, namely, that external coordination provides — 
m important source of information concerning the environmental aspects | < ‘ 


to Obtaining External Input. Bureau a process for 


‘to obtain in-depth participation spokesmen for specific interests; 
_and (2) public involvement to assure that a broad range of interests have a 
general opportunity to participate (11), 
Technical studies during feasibility investigations are organized around a 
planning team, , which always includes des Bureau employees. In addition, planning . 
teams” often include personnel from other agencies and sometimes include ai 
representatives from interest groups and the general public, or 
knowledgeable about the project area, such as university professors. Subteams 
are often used to provide specialized inputs to the main planning team. __ a 
- To secure a broad base of public participation, the Bureau uses public antes 
and advisory c committees. Informal public meetings (rather than formal public” - 
_ hearings) are ‘used to communicate with the general public; advisory committees 
_ consist primarily of representatives from private citizens groups and from local = 
| and state governments (11). In practice, the roles of advisory committees 
re overlap with the roles of planning teams, and a wide variety of 


different names are used in referring to such groups. For these | reasons, the 
following. definitions are utilized herein to distinguish between the two types 
of bodies: Planning teams are groups that participate in analysis of issues 
specifically related to an investigation. Advisory committees are groups that 
provide advice on issues specifically related to an investigation, organized ud 
a body that does not dominate the committee in ‘membership. yersaiee’ ee a 
” Onea p priori hypothesis states that the influence of environmental information 


on the formulation of alternatives, and the modification of an authorized = 


q 
J 
i 
I external input. The results of testing this hypothesis are considered in the following a, 


First consider the ‘sample of feasibility investigations. One : ‘set of measures" 
anners’ commitments to obtaining external input — 
“to aspects of the use of public meetings, planning teams, and advisory committees. 
Although the few feasibility investigations that did not include any public meetings 
_ receive significantly lower scores on the formulation variable than investigations | 


during which public meetings were held, there is n no o statistically Significant 


a and advisory committees segaie a more important role than public meetings in 
tems of increasing the influence of environmental considerations in the formula- - 
tion of alternatives. For many feasibility investigations, the planning team served = 
as a principal mechanism for “maintaining ongoing coordination with ‘Tepresenta- 7 
tives from other agencies 
_— between the formulation variable and the raat te of planning team 
_ ‘Meetings (i.e., a simple count of the number of meetings held; + = 0.40, p 
= 0.02) and the breadth of membership of planning teams ea es 
of members from Federal, state, and local agencies, environmental interest — 
; t = 0.34, p = 0.03). Data analysis suggests that there is also - 
a positive ‘relationship between the formulation variable and the breadth of 
_membership in advisory committees, but this relationship is apparently less ) 
important than the between the formulation variable and characteris- 
_ One aspect of the Bureau’s use of planning teams that was not recognized _ 
“a the outset of this research and, consequently, was not included in the conceptual 4 
definition of commitment to obtaining external input, concerns the use of multiple 
planning teams and/or subteams. During some feasibility investigations, a single 2 
planning team is used for all technical analysis and decision- Wen In ae 
or fish and wildlife. ‘The use “of these specialized subteams can increase e the 
effectiveness of planning teams by allowing participants with specific interests — 
- to concentrate on their own areas of special expertise without being distracted 


fn between the formulation variable and the total number of teams 
that perform technical analysis of planning issues and assist in decision-makin 

< (t= = 0.30, p = 0.05). A more thorough analysis of the wide variety of arrangements 
of multiple planning teams and subteams used in Bureau planning is a subject 
that seems worthy of further researche 
Next consider the sample of definite-plan investigations. For these studies, — 
“4 the data indicates that the influence of environmental information on the 
: _ modification of a proposed plan is greater when at least one large, ‘informal 
7 _ public meeting is held during the investigation. (Mann-Whitney exact p = 0.07.) _ 

_ In addition, a statistically significant correlation occurs between the modification _ 

_ variable and the number of public meetings held in each investigation (t = 4 


0.32, p 09). ‘It appears that public meetings a more role 
th 
in ec 


i for the two samples of planning investigations included in this research. =| ' 
| 
| | 
they d ns. (Advisory committees and planning teams 


‘that include members ws from outside the Bureau | were not — in the 7 
definite-plan investigations included in this research.) 
Generation of New Information.—The case studies reported herein that much 
new information ‘Telated to environmental concerns is being generated asa 
consequence of recent mandates (e.g., NEPA) and their expanded coordination 
_ requirements (e.g., the ‘“‘review and comment’’ on EIS). Testing of a related 
a priori hypothesis indicates that this new information is followed by a corres- 
_ ponding increase in the influence of environmental factors on planning outcomes; 
i.e., the new information yielded by external coordination leads Bureau planners ~~ 
to be more aware of (or attach greater importance to) environmental considerations __ 
than if no such new information is received. 
_ In order to test the a priori hypothesis an ‘‘index of new information’”’ was | 
constructed on the basis of interview responses from the planning leaders. This — 
index ranges in value from 0 to 7 for each planning investigation, and was 
constructed by adding one point whenever the planning leaders’ ’ responses ind indicate 
that: (1) At least “‘quite a bit of useful input’’ was received from the public 
(on a given case-study planning investigation); (2) other agencies offered ‘ “many 
insights’’ into their views of the investigation; (3) a new objective or constraint 
was suggested (via external coordination); (4) a new alternative was suggested; ; ; 
(5) new information pertaining to previously environmental concerns 


among alternatives v were expressed. ud sive a 
_ The data analysis indicated that rank correlations between these index values _ 
and the dependent variables were very strong indeed. For the feasibility 
- investigations the rank correlation between the formulation variable and the 


index of new information is statistically significant at the p = 0. 01 level 4 


_ = 0.43) and for definite-plan investigations, the rank correlation between the oa 
_ modification variable and the index of new information is statistically significant 
at the p = 0.006 level (+ = 0.72). Analysis of individual components of the — 

index suggests that the relationship between the dependent variables and input q 
from public participation are stronger than for input from other agencies; this 
_ May result because more than 80% of the respondents feel that other agencies ren 
_ have provided at least ‘quite a bit of useful input’’ (i.e., there is relatively 
little variation in the responses concerning inputs from other agencies). 
_ Influence of External Pressure on Planning Outcome.—The notion underlying — 
f another hypothesis is that if controversial environmental issues are raised during 
am investigation, then Bureau planners are likely to take a very careful look | 
ate nvironmental factors to make certain they have been fully accounted for; 7 . 

a in so doing, they decrease the prospect of incurring delays occasioned by critics 

~ who claim that the requisite environmental studies were not conducted. The , 
_ correlation between the formulation variable and an index representing the overall 
level of environmental pressure surrounding a planning investigation is positive 
aod statistically significant (r = 0.26, p = 0.08) and thus supportive of the 
‘The results for the sample of definite- -plan investigations also provide some __ 
support for the a priori hypothesis. The results show statistically significant _ 
positive correlations between the modification variable and pressure from the 
general public « or organized interest groups, and governors or other high-ranking 


state officials. However, litigation ag alleged inadequacies in the EIS 


[ 
g 
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during two definite- -plan investigations has. not any major 
modification in the proposed plans. These two cases do not achieve notably _ 
Bi higher scores the modification variable than cases that were not the subject a q 
g cores on es that were oe ject 
of environmentally related litigation. Thus, the data provide no support for 
i the existence of any relationship | between | litigation (or the threat of litigation) + 
: plan. There are clear dangers, though, in making any 
regarding the influence of litigation that concerns environmental issues on — 9 
- outcomes since only two out of the 29 case studies involved such litigation. _ 
oo Overall, the findings concerning definite-plan investigations suggest that “oS 
_ projects in the late stages of planning, environmental interest groups may be 4 
" more effective by employing strategies other than litigation. These alternative © 
; x strategies involve the formation of alliances between citizen groups and conserva- 
- tion agencies. The citizens groups can be effective by lobbying at high levels 
: or of state government (e.g., state governors) and lobbying Federal officials as 
~ well; under the recent Council on Environmental | Quality (CEQ) (5) regulations — ee 
3 governing EIS, the Federal conservation agencies will have a formalized ability 
to refer matters to CEQ when they feel that significant unresolved controversies 2% 
Timine oF OF EXTERNAL Coorvination nwo DES gay 
An important aspect of external coordination and in-house environmental 
a { studies relates to the timing of their occurrence in the planning process. On 
% Ps the basis of past research, several a priori hypotheses were formulated that | 
+ 


concerned relationships between the dependent variables and the timing of 
external coordination and environmental data gathering and analysis. The research 
‘i examined the timing of these activities in relation to two key decision-making 
Ss points in the early stages of a feasibility investigation: (1) The point in planning — 
_ at which the planning leader develops a preference for a single alternative; 
and (2) the point at which a particular alternative is tentatively selected as 
_ the proposed plan. (Note that since an authorized plan exists from the outset 
4 of f definite-plan investigations, the comparison of timing of external oa 
and information gathering activity to the two decision- -making points ; mentioned 
% - previously would be less meaningful in such studies. For this reason, the analysis a ma 
of timing excludes the sample of definite-plan investigations.) 
oe The analysis of interview data concerning timing reveals that the early conduct | 


> external coordination a activities s relative to decision-making does indeed have 


on the formulation of alternatives. 
A different approach to analyzing the timing of environmental work is to os 
measure the timing of selected environmental analyses relative to the = 
t selected } engineering and economic analyses. Data analysis following this 
- approach supports the view that environmental problems must be analyzed. at 
fe least as early as engineering problems if solutions to the environmental pec o 
LP ie are to be incorporated into the alternative plans being considered. Although 3 
_ alternative plans are continually refined after their initial formulation, time, 
_ manpower, and budget constraints may make it hard to change the alternative a 
plans s substantially when has been 


| 
| 


3 


As the | emphasis" of the. planning work ‘shifts from identifying alternatives to 
determining whether the alternatives are feasible for implementation, planners — 
become less able to consider new objectives, constraints, and alternatives and 
still complete the investigation on schedule. 
_ The findings a: associated \ with h the portions of this research that c concern timing © i 
substantive documentation that supports assertions made by many 
_ observers who have advocated that infrastructure planning agencies give increased sx 
consideration to environmental factors. Indeed, the results of the research 
q concerning timing provide formal support for the emphasis on the early initiation 


of external coordination and environmental studies that is contained i ‘in the recent © : 
regulations for the implementation of NEPA. shal ai 


Summany ano AND CoNcLUSIONS 


The research findings suggest several ways in which the 


litigation. Th 


review may be best served by (1) Placing environmental specialists outside the _ 


increased consideration of environmental factors in Bureau gamany and — 
sion-making might be achieved. In feasibility investigations, environmental 
_ information is likely to have a greater influence on planning outcomes if an =, 
interdisciplinary planning process is used; this involves: (1) Active use of planning 
teams which include environmental specialists as members; (2) participation 
of environmental specialists in a broad range of planning tasks, such as the : f 
4 formulation of alternatives; and (3) a high degree of informal coordination and 
- communication between engineering planners and environmental specialists. In ad 
contrast, for definite plan investigations, the key duties for environmental — 


specialists a appear to concern the review of proposed plans. The task of plan : 

_ Division of Planning; and (2) ensuring continual two-way communication between 

engineering planners and environmental specialists. == 

a The significance of coordination between Bureau planners and other agencies 
and segments of the public cannot be u underestimated. A commitment to obtaining ~ 
external input of information repre represents the Bureau’s responsibility i in external 
coordination activities. — Other agencies and segments | of the public can be 
or as having the responsibility of responding to the Bureau’s external 
coordination efforts by providing inputs of information relevant to the Bureau’s 
~ planning activities. During early stages of planning, an effective strategy for 
outside interests consists of taking advantage of all opportunities for involvement we 
in the planning process. In feasibility investigations, the key activities include 
participation in planning teams and advisory committees, and in definite-plan 
_ investigations, the key activities involve public meetings. In late stages of planning, 
_ the most effective strategy for outside interests may be the formation of alliances g 


state government and lobbying federal officials under the new CEQ 
ee implementing NEPA (5), the federal conservation agencies have a 
formalized ability to refer unresolved controversies toCEQ. = = 
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PLANNING FOR DRouGHT: A MANAGEMENT a 


avite 
na nation’s capital and environs in both Virginia 
face potentially severe water shortages in the future. A growing population - 
- and economy, centered around the Federal government, are placing increasing ar 
demands on the existing water supply systems. The water supply problem has _ 
7 ‘manifested itself both historically and presently. The Metropolitan Washington - 
me Area (MWA) generally depends on the Potomac River for most of its supply, 
_ and hydrologic history has shown this supply to be highly variable, subject 
7 7 to both floods and droughts. Serious droughts, such as those of the 1930s and 


low flow. Since 1971, demands placed on the river have exceeded the recorded — 
low flow of 388 million gallons per day (mgd) (1.5 x 10° m’/day) 41 times. 
In addition, localized water shortages have been experienced. In July 1977, 
a water shortage caused by a fire in a pump station affected 1,200,000 residents 
and prompted closing of major businesses and 


shortages will j increase likewise. __ 

3 This is not a new problem; the MWA’s water supply has been studied for A 

years with little or no regional cooperation resulting toward implementing 


; : “Presented at the February 25-28, 1979, ASCE Specialty Conference on Water —— 


Urban Studies Baltimore Md. 21203. 


a written request must be filed with the Manager of Technical and Professional Publications, a =| 
_ASCE. Manuscript was submitted for review for possible publication on May 8, 1979. i 
Divi paper is part of the Journal of the Water Resources Planning and Eval 107, 


= _ Note.—Discussion open until August, 1981. To extend the closing date one month, 
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| 
1960s are characteristic of the Potomac’s response to extreme dry weather. 
Water supply withdrawals from the river have been known to exceed the recorded : i 
i 
4 
reache a recor Ow in clobder prompting Calis [or increase water 
xz 
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a =e. Institutional my have overshadowed the need for cooperation. 
This is evident when the complexity of the Potomac River and the MWA is | 
ie from the regulatory permitting authority, , multistate interest combined 
with local interest, and the presence of the seat of government. waa fe 
‘The _ Congress, by its actions, has assumed a lead role for regional water 
supply planning by acting through the Corps of Engineers. The Congress, in ; 


_ the Water Resources Development Act of 1974, recognized the potentially critical 
oe and authorized the MWA Water Supply Study in Section 85 of that 
Act. The Congress directed the Corps to make a complete investigation of 


the water resources needs of the MWA, , with recommendations for implementa- 


tion. Outlined as follows is a summary of the Corps’ efforts to get the MWA 


feat not heretofore accomplished. 


‘Statistical Ares (SMSA), with an estimated population of around 3,000,000. 


orn 


‘The Potomac River provi provides a approximately 70% of the total supply used in 
: o MWA, nearly 400 mgd (1.5 x 10° m’/day), out of a total 700 mgd (2.7 
10° m*/day). The remaining 300 mgd (1.1 x 10° m’/day) comes from other 


~ New or expanded intakes have been authorized and are being constructed, 


a Currently, the MWA is served by 25 independent water supply systems; 


however, the three eae systems— Washington a Division (WAD) of 


| 
O agree On a regional solution w © Still Maintaining Service area independence, 4 
i 
4 
) 
and upon a4 limited Potomac resource GUring 1OW 
if 


the” United States Army Corps of Engineers, Washington Suburban Sanitary — 
Commission (WSSC), and the Fairfax County Water Authority (FCWA)—furnish _ 
_ about 90% of the total water treatment capacity of th the MWA. Their respective 
oe Recognizing the | potentially | critical situation, these major utilities, together 
with state and Federal governments, negotiated and signed a Low Flow Allocation a 
= aati thereby all utilities would share the Potomac River’s water — mn 


Ang 
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waTER 


TREATMENT PL al 


WASHINGTON SUBURBAN 
SANITARY COMMISSY ire 


2. —Major Water Supply ‘Systeme—Metropolitan Washington Area 
dating time of drought. The principle ‘feature of the Agreement is a 
_ which limits the amount of water that may be withdrawn by each user during 
periods when Potomac River flow is insufficient to meet the total demands. 
In such an instance, each user would be allocated a percentage of the total — 
available river flow based on a formula previously agreed to for dividing the 
flow. This agreement insures Oat the water resource is fairly distributed, but : 


777 
| 
| 


‘it does not eliminate shortages. Other of the 

"provide for: (1) A moderator to enforce the Agreement; - (2) a definition of 
river flows and off-river reservoir storages subject to the Agreement; (3) a a 

: mechanism to inform users of different stages of river flow and their calculated - 

fair share; and (4) a clause which allows any signatory to ‘‘freeze’’ the allocation — 

a = ratios after 1988, pending the negotiation of a revised formula. The 
‘ LFAA is, in essence, the first step taken in drought management by the ol 


asa whole and not a piecemeal approach as the past has indicated. a 


MWA Water Surety Stupy 


_ state and local interests for their desired method(s) of solving the MWA’s water 
_ supply problem. Generally, the Corps was requested to solve the problem within — 
_ the political boundaries of the MWA before turning to upstream reservoirs as 
well as a strong desire for water conservation and demand reduction. Conse- 
quently, the MWA Water Supply Study concentrated on ways of making the 
TABLE 1 —Potomes River Flow Data, i in gations per per dey 


i 
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efficient use of the existing during times of Shortages before | 
_ The five plans presented in this paper meet this objective, and the plans 
consist of several basic components: (1) Conservation and demand reduction; 

(2) reregulation of existing off-Potomac River reservoirs; (3) local small storage a 
projects within the MWA boundaries; and (4) raw water interconnections to 


_ keep the existing reservoirs as full as possible during non-Potomac drought 7 
Because of President Carter’: s emphasis on water conservation in his Water 


Policy guidelines of June 1978, special attention was devoted in the Corps’ 
/ Study | to water conservation and demand reduction t measures asa starting gl 7 


- Supply. —Both statistical and historical flow simulation studies were made 
to determine how the Potomac water users would 


shot 


4 ‘orps of Engineers solicited 
_| 
30-day 
| 
q 


The annual series statistical frequency-duration data for the Potomac Rie 


_ near Washington, D.C., are presented in Table 1 for the years 1931- +. 

Correlating these data with historical flow data, it was found that the A _ 
1930 monthly average flow closely approximated the once in 100 yr recurrence 
value for the 30-day flow duration and the 1966 7-day and I-day flows closely — ~ 

ic approximated | the once in 100 yr recurrence value for the 7-day and |-day flow 4 


A 
durations. Likewise, other historical events approximated the smaller meets 


i Demand.—Future water demands were projected from water use data disaggre- : 
gated into six major user categories: (1) Single family residential; (2) multi-family a 
residential; (3) commerical / industrial; (4) government/ institutional; (5) Federal 
‘Government; and (6) unaccounted for or not billed water use. A summary of 

- the average annual water use for 1976 is presented in Table 2. maT: 

“a To distribute average annual demands on a seasonal basis, historical monthly ; 


_ distribution factors and fractional seasonal water use factors for each category — 


TA 2.—1976 Average Annu: Annual Water U Use by in n million gallons per day = 


area family i for 
Washington Aqueduct 
Washington Suburban 


Sanitary Commission| 
Fairfax Woter 


Single i- | ion- | ern- 


were applied to the water demands. water 
indicators and the monthly water use by category, a methodology was developed — 

_ to project the water use demands for the future. This methodology later allowed — 
the imposition of various water conservation scenarios and their resultant effect 


_ Deficits. —Several | assumptions \ were used to calculate the onan shortages 


Low Flow Allocation Agreement would remain in effect; (2) a 100 mgd (3.8 © 


| given the information just presented. These assumptions were: (1) The Potomac _ 
; x (10°m’ / day) environmental i instream flow need to the Potomac Estuary would 


q in the river after | all water supply withdrawals were made in 1 1966); (3) flow 7 
release from a Corps reservoir, Bloomington Lake, presently being constructed © 
- about 180 miles (290 km) upstream from the MWA would be 135 mgd (5.1 — 


— Total 
&g - 
1195.2 
616 | 380] 179 | 36] 50 | 13.0 | 139.1 
Note: = 3 
{ 


26 15s 252° 
Note: 1 ‘med =3.8x 10°m Ten WY Dae 
10°m?/ day) a 30-day and (4) use 7-, and 30-day 
J plant capacities for the Occoquan {2 mgd (4.3 x 10° m’/day), 95 mgd (3. . 
- & 10° m’/day), 84 mgd (3.2 x 10° m */day)| and the Patuxent River [65 mgd i 
s 5 x 10° m’/day), 55 mgd (2.1 x 10° m’/day), 49 mgd (1.9 x 10° m */day)), 
_ Using the supply and demand data in conjunction on with these | a 
- ghortages for the four recurrence intervals and three durations were developed 
. for the combined service areas. Table 3 presents the resultant deficits. = ry 
After determining the deficit levels for the range of durations and frequencies, 
the effects of a water shortage on each water user was ascertained. A hydrologic _ 
simulation of the 1930-1932 drought was performed using projected 2030 average _ 
monthly (30-day) demands for a once in 100 yr recurrence assuming that the 
local reservoirs were full and operating at their continuous safe yields. Fig. 
3 graphically depicts the results. From this analysis, it was found that the Potomac 
‘River experienced low flow in the months of July 1930 through 
1930, while the Occoquan and Patuxent reservoirs emptied in February wai : 
7 _ Consequently, the following conclusion was reached: The water supply proble 
has two parts. Flow in the Potomac River could lead to shortages in those 
areas served by the Potomac River, even though there would be sufficient a 
water in the off-stream reservoirs. The second aspect of the problem is the = 
_ reverse; depleted storage could create a problem in the off-Potomac areas oven 
_ with plentiful flow in the Potomac River. There is no way at present to manage 
_ these existing supplies with the river to better use the water in the area, and 
- because of this, future shortages will occur in the MWA as well as locally. = be 
- This finding was important, as it had a direct bearing on the analysis < of ways 
to solve future water shortages and had been ignored in n past water ce 
Design Conomon "Tong GA walt rf 


design plans capable and likely | to be implemented, ‘opinions were re sought from 
advisory groups as to what design conditions would be the best to use. Essentially, oe 
the decisions were: (1) A A 7-day drought duration; (2) a once in 100 * drought 
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pure 


recurrence probability; (3) water conservation and demand reduction 


projected demand with emergency or contingent drought oles to cover droughts 
of less than 7-day durations; (4) a 100 mgd flow-by (3.8 x 10°m’ /day); and 
(5) a 135 mgd (5.1 x 10°m’/day) flow release from Bloomington Lake. Fig. 
4 presents the aggregate deficits that would occur under the design condition -_ 
- which results in a 180 mgd (6.8 x 10°m? /day) maximum regional deficit by 
the year 2030. This regional water supply ‘shortage \ was further analyzed to : 
_ ascertain how much of the regional deficit would be experienced by each demand oy 
area. This was accomplished by first satisfying the individual demand area’s _ 
needs with as much of their non-Potomac River supplies as possible and then ot 
_ attempting to satisfy the remainder with the Potomac River water. This division 
was accomplished by using the Potomac Low Flow Allocation Agreement f ormula. a 


“ The service area deficits are given in Table 4. i 


- During the final development of the plans, two questions evolved. First, ‘his 
degree of regionalization and ‘concomitant cooperation is appropriate? For 
a instance, should each area provide in its programs a way for others to share 
3 in a project’s benefits as well as its costs? Second, what oe 
arrangements would be needed to attain the dense of cooperation required? 


Also, plans were evaluated to several specific criteria: 


. (8) effects of social cohesion. Taking all Fen, into consideration, the available 
combination of plans was reduced to five plans of choice. Table 5 presents 
these plans giving the date of operation and project size. ae, Ae ST 
The “‘No Action Plan”’ presents the most probable water supply, demographic, 
‘economic, social, and environmental conditions likely to exist without any future _ 
water: supply projects other than those already planned, e.g., Bloomington Lake, 
_WSSC’s expanded intake, FCWA’s new intake, raising the Occoquan Dam 2 
ft, 100 mgd (3.8 x 10° m’/day) flow-by, existing conservation plans, and the 
‘The has each supplier meeting it its own water needs individual 


104 2 —106 | -167 | -26 | -170 |-2206 | -26 
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projects. Regional cooperation is still pitnnet for nee implementation; 
however, the individual projects are operated more from a single vera 


= the Little Seneca costs would by WSSC and WAD, 


SIMULATION OF THE T CONDITION 
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Flow (MGD) 
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3.—Simulation of Without Condition (1 mgd = 3.8 x 10? m? 
raw water interconnection costs would be shared by FCWA and WAD. A greater 
degree of regional cooperation is necessary for the successful implementation 
of this plan when comparedtothe local plang 
‘The “‘Regional Plans” are regionally based because the projects’ costs are ial 


: opaty shared by the major Potomac River users collectively, and and total tal regional 


q 
because 
and the 
) 
@ 
\ y Service Area Deficits experienced here 
Storage (80) | 
| 


cooperation is necessary for these schemes to physically work. oe sea ar” 
= Several factors Played an important role in the development of 


TABLE 4.—7-Day Deficits by Service Areas, in ‘million acta 


wr) al- 2030 al- 1988 al- - 1988 al- 2030 al- 
location location | location i location location 


| 


TAGE WITH IMPLEMENTA TI 


— 

4.—1-Day Shortages for MWA, 1980- = 38 10° m? /day) 

. 
and. resultant costs was the effect of the Potomac Low Flow Allocation “= _ 
on the water service arens. ty upon which formula is used, Le. ined “ 


ne per da 4 
2030 | -7 | | | -2 | 
| 


5 
: (Regional 
‘wr 
Component action) | plan) plan) 


Conservation 


Reregulation by FCWA FCWA 


and WSSC 
13S mgd) | (135 mgd) 
Potomac / Patuxent: i. 7 it 
Potomac / Occoquan: = 
raw water inter- 


% 


Plant Plan ‘Plan3 Plan 4 Plan 5 


Local Subregional Regional Regional 


| 
«| 1980-2030 | 1980-2030 | 1980-2030 | 1980-2030 
1981 
(135 mgd) 7 
) — 
= 


and Rockville® FCWA 


million 
| gallons 
dollars per day dollars 


Bloomington Lake” 
Localplan 
_ Conservation 
Reregulation 
Little Seneca Lake 
Potomac-Occoquan: 
‘Taw water intercon- 
nection 


Subtotal 
Bloomington Lake 
Subregional plan 4 A 
Little Seneca Lake — 
§ Potomac-Occoquan: _ 
water intercon- 
Subtotal 
Bloomington 
Regional plan 
Conservation 
=) Reregulation 
Little Seneca Lake 
Potomac-Patuxent: raw 
water interconnection 
“Subtotal mu! 
a Bloomington Lake os 
Total 


Potomac- Patuxent: raw 
water interco! nne 
Subtotal 


i>. Represents cost of remaining water supply storage not yet contracted. All Bloomington Lake projects 


costs are based on 3-1/4% interest rate as authorized. EO, 


“Numbers may not total due to rounding. ‘ah 
_Note: | mgd = 3.8 x 10° m’/day, “Ol x bem 


“Rock ville comprises approximately 2% of the combined costs and flows of the puree a di 


TABLE 6.—1988 Allocation Ratio: Construction Costs Apportionment 
size, cone | size, | Cost, | size, Cost, | size, Cost, 
weer in inDe-| in | inDe-}| in | in De- | in De- 
million 
73 | 23,400} 57 | 18,300} 5 1,600 | 135 | 43,300 
35 3,900 a2 B 2,200 9,700 — 
—- | 108 20,200} — | — | 108 20,200 
— | — | — | 7 | 58600} 72 | 58600 8 
a | 280 | 88,500 
po] 135 | 43,300 
415 | 131,800 
po | 100 9,700 
2 
107 | 20.2000 
D0 58,600 
po | 280 | 88,500 
po] 135 | 43,3000 
po} 415 | 131,800 
: 
00 9.70000 
00| 120° 20,200 
0} 60 | 43,400 
00} 280 73,300 
00} 135 | 43,300 | 
116,600 
Conservation ||: 3,900] 3,600 2,200] 100 | 9,700 
re 1,000} 106 | 55,400 72 | 37,700} 94,100 
4,900] 148 | 59,000] 95 | 39,900] 280 | 103,800 
73 | 23,400} 57 | 18,300] 5 | 1,600] 135 | 43,300 
— 
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7.—2030 Allocation Ratio: Construction Apportionment 


Project 
size, 
million 
gallons B 
per day/| d I do per day dollars 
Without plan 
Bloomington Lake 
Loca plan 
Conservation 
 Reregulation 
Little Seneca 
raw water intercon- 


pa! 


q 
= plan 
wet 
Little Seneca Lake roa 
water intercon- 
Bloomington 
| Total 
Regional plan 
Conservation 
4 Reregulation 
Little Seneca Lake woe 
Potomac-Patuxent: raw 
a water interconnection | 
Subtotal 
Bloomington Lake 


Regional plan 


Conservation 

Reregulation 
Potomac- raw 
water interconnection 
Subtotal 
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all “Rockville comprises approximately 2% of the combined costs and flows of the Washington Aqueduct — 


are based on 3-1 /4% interest rate as authorized. of dere ove 


“Numbers may not total due to rounding. 


Note: 1 mgd = 3.8 x 10° m’ — 


As 
Project} 
=, 
in | in De- 
) million |cember 
gallons} 1978 
per dollars 
43,300 
114 | 20,2000 
66 | 58,400 
3,900 235,000 0U,0UU 280 fa 88,300 
106 | 34,000] 19 | 6,100] 10 | 3,200} 135 | 43,300 
141 | 37,900 29,900 | 99 | 63,800] 415 131,600 
; 35 3,900} 42 | 3,600} 23 | 2,200] 100 | 9,700 
= 
28.5 | 5,500 77 14,700 — | 105.5 | 20,200 
28.5 | 22,50] — | — | 46 | 36,200] 745 | 58,700 
92.0 | 31,900] 119 18,300 | 69 | 38,400 | 280.0 88,600 
49 | 15,700} 56 | 18,000] 30 | 9,600] 135 | 43,300 
141 | 47,600 | 175 | 36,300] 99 | 48,000] 415 [131,900 
| 390] 42 | 3,60] 23 | 2,200] 100 | 9,700 
38 | 6,400] Si | 8,600 5,200 | 120 | 20,2000 
19 | 13,700} 26 | 18,800] 15 | 10,900) 60 | 43,400 _ 
92 | 24,000 | 119 | 31,000 18,300 | 280 | 73,300 
49 |15,700| 56 | 18,000} 9,600] 135 | 43,300 
| 141 | 39,700 49,000 | 27,900} 415 | 116,600 
| 3,900] 42 zs | 2,200] 100 | 9,700 
| 29,800] 77 | 40,300] 46 | 24,000} 180 | 94,100 | 
92 | 33,700 43,900 i 69 | 26,200 | 280 103,800 
49 | 15,700 | 18,000] 30 | 135 | 43,300 
141 | 49,400| 175 | 61,900| 99 | 35,800| 415 147,10 | 
| 


Costs of reservoir pecan Pi were assumed to be minimal and are not reflected 
in the costs. The « costs shown for Lake represent on! only 
- Conservation Scenario 3 costs are based on the cost of various a 

_ and devices used to achieve an approximate 10% reduction in demand by the 
ja 2030. Additionally, the cost associated with the Occoquan interconnection 
varies slightly to account for different pump Station capacities 

cost apportionments presented in Tables 6 and 7 the M 


2030 Allocation 


FIG. 6. 6.—Comparison of Service Area Aree Costs 


4 
the plan component each user shares in that component according oe mee extent” 


that the user benefits from that specific component. = = j= 
_ Fig. a graphically presents the construction costs of the plans while Fig. me 


6 gives a comparison of the service area costs. 
_ The 1988 allocation favors WAD at the expense of WSSC and FCWA. Plan 
4 would be the most cost-effective plan from a regional standpoint; however, + 
_ this is not true for every service area, notably the WSSC. From WSSC’s viewpoint, e 
Plans 2 and 3 would be more cost effective. This is quite evident when _ 
cost of the plans is reduced to : an annual per capita plan cost using an interest 


The plan components a 
| 


dT. 
any of these Varying of have been 
among the five plans. However, the greatest 1 return or to 


The Metropolitan Ases depends on Potomec River, 
2 which has an average flow of more than a billion gallons per day (3.8 x 10° | 


m ——- day), for most of a water supply. This is more than adequate to meet F 


= 


TABLE 8. —Annual Per Capita Plan Costs at 6-7/8% 

1988 allocation, in dollars allocation, in dollars 


| 

jj projected regional demands. Because the Potomac River is essentially unregulated, 

in periods of drought this supply falls well below this average and, in 1966, 
the river reached a record low of 388 mgd (1.5 x 10° m’/day). In addition, — te 
localized shortages within off-Potomac service areas have also demonstrated 
a potentially serious problem—the MWA has and “ Probably face severe 

water shortages in the future. 3 to 

_ To solve this short-term problem, , the | Corps of heneseels released a a progress 
report which outlines plans for choice which draw upon: (1) Water conservation — 
and demand reduction; (2) reregulation of existing reservoir systems; (3) con- 
structing a local | storage reservoir; and (4) constructing @ 1 araw water ae toe 


q 


| 
| 


a source. ‘These pl ans are designed to meet the T-day, once in 100 yr > wens 
2. =a situation and rely upon contingency conservation measures to help the MWA | 
cope with lessthan 7-day droughts, 
- Based on the data presented, the 1988 allocation favors the Washington 
ee while the 2030 allocation favors the Nery ol Suburban Sanitary 


“the utilities because ‘each would implement projects for their individual needs. — 
To achieve the greatest cost effectiveness, Plan 4 involves the greatest need 
i As a result of the Corps’ report, it was agreed by all parties that some positive __ 
= needs to be taken to implement any of the plans. The three suppliers — 
- have formed a task force to consider implementing a specific plan or parts 
of a specific plan. The task force is composed of political leaders in the MWA 4 
and is assisted by a citizens and a technical advisory group. The task force 
is concentrating on factors such as economics, interjurisdictional cooperation, « 
and overall policy issues. Early in 1981, the task force is scheduled to complete _ 
work and make recommendations s future water wealth 
The writer wishes to acknowledge the under contract to 


the Corps of Engineers: Conservation—Water Resources Engineers, Inc. 
of Camp, Dresser and McKee firm; Raw Water — 

__ and Associates, Inc.; and Finished Water Interconnections and Reregulation—In- 
_ terstate Commission on the Potomac River Basin. Also, acknowledgement must a 
be oven to the oust information staff of the Planning Division, Baltimore : 
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ComPUuTER MopEL FoR SMALL-SCALE 


_Hypropower Pouicy ANALYSIS 


Paul H. Kirshen," A.M. ASCE na 
Sep 
AS part of a study to identify the ai institutional 
to and incentives of small-scale hydropower development, and to recommend d , 
to the United States Department of Energy (DOE) policies that will encourage ~ 
the development of small-scale hydropower, a computer simulation model of 
several of the major factors that encourage or discourage small-scale hydropower 
development was designed and implemented i in the period 1978-1979. It is called 
” and its associated computer language DYNAMO 
(see Refs. 4 and 6). Similar techniques have been used to study such diverse — 
‘pokey issues as cattle ; grazing strategy (12), national energy policy (il), river 
basin development (7), and heroin addiction (10); these studies all used systems eS 
_ characterized by fe eedback. T The small- scale hydropower (SSH) model is intended» 
to help analysts and policymakers ; understand the far-reaching implications of 
their policy recommendations by simulating the interrelationships of the factors a 
_ While the model cannot be expected to mkae precise quantitative 


a = and is described in detail in Ref. 1. HYDRO-I uses a technique 
called “‘system dynamics, 


predictions, it does provide insight on the pertinent consequences of policy @ 


This p paper describes: HYDRO-I and the “modeling 
1 its construction, and examines the model’s value for policy analysis. Some 


i. Asst. Prof., Dept. of Civ. Engrg., Virginia Polytechnic Inst. and State Univ., Blacksburg, | 
Research Scientist, Battelle Columbus Labs., Columbus, Ohio 43201. 
_ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 
a written request must be filed with the Manager of Technical and Professional Publications, eo ; 
= Manuscript was submitted for review for possible publication on March 24, 1980. 7 ‘ 
This paper is part of the Journal of the Water Resources Planning and Management — 
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coniputer model resembles, 
many 9 ways, the mental process any ‘person uses to direct actions toward a i 
—h goal. Both the mental | process and the computer model use a great 
7 variety of facts, theories, and educated guesses to try to account for all the fy 2 
actions that have caused or will sustain a certain desirable or undesirable course — oe 
: «of events. The computer model tends to be more precise and explicit than 
“the mental model. Unlike most mental models, it is comprehensive and unambigu- 


a ous, and can be subjected to > rigorous logical experimentation. Analysts do not 
| 4 


or make better decisions than people can. However, such models have been 
| proven to be very useful in amplifying the efficiency of the human mental & 9 
i process by identifying important omissions, inconsistencies, or errors i in under- 7 

ig Computer models are also extremely useful because they can be easily modified 

or updated to account for new information and conditions. This is important — 

; - the field of SSH as better data are constantly becoming available and new fbn 
) i Construction of HYDRO-I.—Hydropower development can be seen as the 
interaction ¢ of six factors or sectors: economic, licensing, equipment, ‘construction, — 

etirement, and environmental and social. The interrelations of these sectors 

4 are shown i in Fig. 1. As an initial model of the dynamics of small- scale hydropower , 

development, HYDRO-I includes only four of the sectors, i.e., economics, 
licensing, construction, and retirement. These sectors were chosen because — 
most data were available for them. The other sectors will be added in a later “a 
— model as more research is completed. HYDRO-I includes only sites — 
in existence in New England with a maximum potential of 15 MW. (At 

start of the research, this was the common definition of SSH. It is now generally . 
25 MW.) It is assumed that the owners of the sites will be paid the replacement . 3 
cost of electricity for the power generated, and that all sites under consideration ee 


- will be operated independently of each other. It is also assumed all dams a 
- the same capacity factors (defined as the Tatio of ‘the average annual generation 


fei is sdone by one we of developer: an investon- owned utility (IOU), an entrepreneur, 
- a municipality, or a private company generating power for use on- ~site. Different 
borrowing rates, tax lives, financial lifetimes, debt /equity ratios, and returns, 

are used in each analysis \ with the model to reflect the different points of — ; * 

of these developers. Adjustment can be made outside of the model to account te ¥ 
for the actual situation of many types of developers simultaneously developing 4 

the process of system modeling, diagrams and mathematical 
equations are used to make a ‘progressively more comprehensive and precise at 


a “statement of theories about ‘causes and influences in a complex system. The | = 
4 


a key concepts are identified and the connecting causal relationships are noted 
in causal loop diagrams. The conventions of causal are explained 
in detail in numerous system dynamics tests (e.g., see Ref. 6). The — 

is a convenient way to summarize diverse quantities | of experience, 


q 
hown ip lg. 2 al lOOp diag (URU-1, ihe eriect 


COMPUTER MODEL 
ne factor - on another is shown by an arrow and sign at the end « of the 


arrow If the sign is 8 positive, (+), it means that if © one ¢ factor increases, the 


‘other factor decreases. An pen ag of positive causality is that if licensing 
1 requirements increase, licensing delays increase; similarly if licensing require- 
decrease, licensing delays decrease. An example of negative causality 


is if the permit delay time decreases, the permit issuance rate increases. The a 
CLD also summarizes the major data requirements of the model dey 
the exogenous variables (those only with arrows leading from them in the CLD) 
require input data values (either constants or time-varying) for the entire simulation ae 
period. The values of the endogenous variables are calculated internally in the 
model once normalized or initial values are given by the user. The ane 


_and the sectors of the — are —T in n detail i in the following. 


LICENSING 
COSTS AND 
"INITIATION 


RAT 


Boundary Diagram (1) 


n HYDRO-I commences when a a developer decides | to stu 


* values when the plant starts operation. This is weed “ project initiation’ eo 

; takes place in the economic sector of the model. The project then goes through — 
the licensing, construction, and retirement ! sectors. After a project has been 
retired, it is eligible again for rehabilitation or replacement. The model calculates si 
the status of each of these sectors — 0.10 yr. Results are printed or plotted — ’ 


4 Economic Sector.—The essence of the economic sector is the supply curve 


of o 7 
F | 
| 
= 
J 
| The process 
| 
| 
— whenever the value of hydropower increases over its past value. As shown . 7 
in the figure, the increment of hydrocapacity corresponding to the increased « y 


value is the ‘amount initiated in that ‘time period. The value of the power ris 
7 _ the projected value based on capacity credit and fuel-saver value. The capacity 
_ credit is based on the assumed mix of generation that the hydropower will 4 
replace (coal-fired base, -fired intermediate, and peak), and the reliability ‘4 
= z= to the hydropower. (The reliability is approximated by the | — s 4 


re 


+ 


«LICENSE 
REQUIREMENTS 


dum 
HYDRO CAPITAL 


P 
2 —Causal Loop Diagram for § for Small- Seale 
- capacity factor.) The developer is “uncertain of the fuel-saver value he will rhe 
receive, and therefore bases his projections of the value on the previous rate | ma 
ar: of growth of fuel costs (the fuel cost estimates are those of the Electric Power + Z 
a Institute as given in Ref. 2. The fuel-saver costs are based on the © 


assumed mix of generation replaced by the In the model, all ‘costs 


| 

) 4 
Lui 

“ware DEVELOPMENT 4 vay / (-) d 
DELAY PRICE 
) | 


benefits are or to es expected time of start of 
a operation. Therefore, the uncertainty in the Projections of fuel costs is modeled — 
so that as the difference between the present value | of the electricity and the ' 
projected value grows, the discount rate on the power revenues also increases, ; 4 
and vice versa. The increase in the discount factor ranges from no increase 
to an increase 2.0timesthe original 
ie A developer also faces uncertainty in obtaining a plant license. Therefore, 


a the compound factor for the licensing costs, which includes the feasibility ‘study 


7 a and legal costs, increases as the licensing delays and requirements increase. 4 
The increase may be as much astenfold. 
snd ab Of (hE velitive weights the the 
and the ervounw that be 


= Corresponding increase in initiation of hydropower 
FIG. 3.—Cost Versus Small-Scale Hydropower Development Initiated (58% capacity 
All costs are in constant 1978 dollars. The costs of the feasibility a, ; 
licensing, construction and interest, land purchase, transmission, operation and 
maintenance, taxes, and insurance are included. ‘Sensitivity analysis is done | 
assess the effects of uncertain values. 


Licensing Sector.—It is assumed that all projects receive both preliminary 4 
- permits and licenses. Only under extreme conditions will an environmental impact 
‘Statement be required for existing small-scale hydropower sites; this requirement 
oe is therefore omitted from this sector. As there are no competing water uses a 

ors other prohibitive environmental or social factors included in —— I, all » 


| 
| 
| 


Uy 
projects in the are % dui bea 
Initiated projects are subjected to permitting licensing delays. The 


are functions of the availability and productivity of staff at the Federal Energy 


‘ ‘Regen Commission (FERC) and licensing requirements (e.g., need for outside 


s - “review, required exhibits, hearings, ¢ etc.). Licensing costs vary with licensing 


Construction Sector.—Once a project has been licensed, it enters the construc- 
tion sector. The time taken for construction is based on an average construction 


period of 2 yr and the number of small- scale hydroplants | already under 


TABLE 1 1—Summary of Limitations and Omissions in 


Economic 
Cash flows 
Joint operation of hydro | pri 


Licensing 


Nonconstruction impacts 
Construction impacts 
ra Displacement of pollution f from other energy sources a 
> Competing water uses 


Social 
Social 


— 


RR ‘Retirement Sector. —The number of plants retired per year is based on the 


average lifetime of hydropower plants. The model assumes that the average — 
of plant will i increase as the small- scale 


Evauanon OF or HYDRO- as, 


o—— a mathematical motel can be effectively used in the policy or b 


4 
. 
Results 
ai 
{ 
| 


1 consisted of reviewing the model so well 
‘its results reflected past known development trends, and testing the sedsitivity 
the results to poor quality data and major assumptions. 
i q Limitations.—The limitations and omissions of HYDRO-I are listed in Table _ 
j be q and explored in detail in Ref. 9. These limitations and omissions affect the | 
‘ ‘tome of the model in either an optimistic (i.e., the model predicts more — 
than will actually occur) or pessimistic manner. ‘aj leBe ua ods 
Ina preliminary model such as HYDRO-I, limitations and omissions arise 
because of an absence of data, and an emphasis on modeling the essential 
elements of the hydropower development process. An examination of the table 
_ and an estimation of the relative weights of the effects indicate that, | overall, — 
_ HYDRO-I provides optimistic estimates of small-scale hydropower development. 
‘The estimates are upper limits « and the amounts that would be developed ie a 
“best possible conditions.’’ The relative trends in hydrodevelopment under _ 
different policies are, however, believedto be correct. 
Even though the values of the financial parameters (interest rates, debt/equity __ 
_ Fatios, etc.) can be be changed to reflect the different points of view of the several - 


equi eturn Federal| 
it 
ll é tax 
(7) 
Entrepreneur 


Municipality 
Industry 


34) to snr Marin adi ci oft 


types of SSH cy the model best duplicates the decision-making criteria 


value he will re receive e for his power (ie e., ., the decision price). While other il : 
of developers (e.g., IOU, municipalities) are also concerned about this, they 
4 have other important concerns that are not modeled. Examples of these include: ae 
‘ a regulated rates of return on capital for IOU, the need for public approval of 
n* expenditures by municipalities, and the need for backup power by industrial — 
self-suppliers. Thus, due to these omissions, the entrepreneurial point of view 
is best modeled in HYDRO-I. .cwosdas on 
_ The next step in the model’s evaluation is to examine how well the ‘results 
Historical Comparison.— Using the financial parameters for catrepreneurs (see 
Table 2), and data on the installed capacity of small-scale hydropower, and 
: Be estimated development | costs, and the value of small hydropower i in 1960, - : 
- hydrodevelopment was simulated from 1960-2000. As can be seen in Fig. “a - 
there» was a decrease in installed capacity from approx 670 MW in 1960 to 4 al 7 


percent- 
age in- 
estment 
“a? 
| 30 | 100/70 | we 
L 


620 MW in 1975. (This analysis or ‘ten ie ueaier referred to as the reference 
ao run or base case.) Analyses using data representative of the three other types 
of developers (see Ta Table 2 also. show the same trends. ‘These results indicate 


68 


agree well with historical data from the Federal Power Commission (3). Thus, © 

Explanation of Graph of Model Output.—The horizontal scale of Fig.4 shows _ 

the time period of interest (1960-2000). Several variables are plotted in each 
_ graph so that comparisons can easily be ‘made. The values of the parameters — 

are given on the vertical scale with the range of values corresponding to a 

particular variable identified by that variable being placed above it. For example, : 

the outer range of Fig. 4(b) (0-1600), corresponds tor the variable, C,the cumulative 

installed capacity of hydropower, = 

_ The other variables plotted are the following: J = the amount of ae eal 


initiated in 1 yr (in megawatts), D= > the ‘Price a developer plans on receiving 


“the actual value of dae. dink present fuel costs and capacity credits 
(in millions per kilowatt hours); , and H = the cost to develop. a plant (in millions 
S- This particular graph chews | the initiation of development when the decision * 
_ price, D, exceeds the cost of development, H, around 1977. Due to feasibility, — : 
licensing, and construction delays, installed capacity, C, starts to increase approx > 
6 yr later. Installed capacity had been decreasing | up to this time because of 
a Parameter Sensitivity.—The testing of the individual effects of variables with 
_ poor quality data indicated that the model results are sensitive mainly t to > the 
_ time delay between increases in fuel prices and corresponding increases in the | 
value of electricity. This is expected because fuel prices account for the greatest 
costs in producing electricity from fossil fuel plants. When considered in 
interaction and combination with other time delays (e.g., licensing and construc- 7 7 
tion), the sensitivity of the model to this parameter is not, in actual fact, severe. i. om 5, 
‘Doubling | the delay in the model results in a decrease of only 30% in the amount 
of hydropower developed between 1980 and 2000 and a tenfold decrease in . 
: = results in no appreciable increase in development. These poorly documented | 
variables were further tested by them all at the values that 


; Ss rates. The latter caused slower development rates and only a 30% duesease 
in net development. The results of the testing were consistent with perceptions — 

_ Of how the model should react to these changes. Thus, this suggests that there 
are no unknown, Contradictory § sections in 1 the model. he overall conclusion 


“model i is ‘relatively insensitive to them. | wad 
Assumptions in Model.—Several assumptions were tested ' to see whether they 
g detrimental effects on the results. The first assumption examined was ~ a 
. size of each hydroplant was 2 MW. Because of economies of scale and — 


: _ the resulting changes i in unit costs, it was found that larger average sizes caused 
_ development to start earlier and smaller average sizes caused Covenegiaes to 


| 
| a 
4 
> 
4 


_ COMPUTER MODEL eel 
"start ‘Therefore, the of HYDRO-I to be adjusted for ‘the 
; size distribution in New England. For example, if in reality large sites are 
developed before small sites, then the rates and ee of veneer displayed 
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REFERENCE om 
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TION RATE 


FIG. 4 —Simulation of SSH Development: Financial nitaseniithdics and (b) Initiation a 
Rate and Cumulative Installed Capacity (1) 


in Ref. 3). Changes in the capacity factor affect the economic return . of Z 


in the model for. ‘determining capacity credits. Cc hanging the c: capacity factor 2 
also changes the potential capacity available in the region. The estimated potential 
at 58% is 1,780 MW. Analyses were made at 40% (potential of 2,550 MW) 
and at 70% (potential of 1,520 MW). As was expected, at the lower capacity 

the initiation of was delayed in to the 58% 


a 
al 
ee _ It is also assumed in the model that the capacity factors =_—__—_— ie q 
| b & the same (58% the average value over the period 1960-1976, as documented _ 
(ss 
q 


factor case, and the quantity of hydropower developed and 1 ‘the ‘economically ‘= 
feasible hydrodevelopment cost in the year 2000 were both less. At 70% capacity — 
factor, the reverse occurred, though the differences were not as great. The 
results of HYDRO-I must therefore be adjusted for this discrepancy. For example, 
if in reality higher capacity factor plants are developed first, then the rate — f 
of development will be greater | than displayed by the model. 
= 
_ Another assumption examined was the projected rate of increase in fuel cost. __ 
_ A test run was conducted assuming that in 1985 synthetic fuels would be used — 
in place of coal and oil, resulting in a 66% increase in the replacement value __ 
of hydropower (in millions per kilowatt hours) in 2000 compared to the case 
when fossil fuel prices w were used and a 8 25% i increase in in hydropower development. z 
> resulting. in a 45% “decrease in the replacement \ value of hydropower in 2000 
compared to the base case and essentially no development. Therefore, as expected, 2 


if the cost of fuel eith either increases or remains the same, lnydrodevelopment 
The last assumption examined was the sensitivity of the model’s results to 
‘ the exogenous curve of capital cost of hydropower v versus the quantity developed. 
Shown in Fig. 3 is the supply curve used in the model. The curve is derived © 
4 from Hubbert’s work (8) describing the cost of developing oil and gas. When | 

: available, actual data will be used. As expected, the rate of development is 

_ Sensitive to the shape of the curve. Therefore, if the actual cost curve is 
Significantly different from that in Fig. 3, , then the € results of the model must 
be adjusted. If the cost and size are similar to those in New York (13), then 
“the cost curve for New England will be ““flatter”” in the middle than in Fig. 


3. This suggests that in reality hydrodevelopment will be more rapid at first 


Conclusions of Evaluation.—The examination of | the model’s omissions and | 
assumptions indicates that the user Of the model can have confidence “in ts 


also best reflect small-scale hydropower from the viewpoint 
“of the entrepreneur and need to be adjusted for changing project sizes and — 
carve signi factors as the hydropower is In addition, if the actual cost 


‘The purpose of the policy analyses (or computer runs) is to provide assessments | _ 
gy the impacts of some policies that could be pursued to stimulate the development _ 
hydropower. All the policy runs are compared to the “reference run, 
to development by entrepreneurs” assuming that there are no new ‘policies 
_ implemented to aid small-scale hydrodevelopment. The reference run was shown | . 

A in Fig. 4. The parameters are compared for the years 1990 and 2000 and are - 
- The number of years between hydro-initiation in the policy run and initiation _ 

2. The ratio installed capacity in run abe that in the reference 


) 
2 


o that in the reference run (based on the Goctsten price explained in the following) = 
Me = The ratio of the actual value of hydropower in the policy run to = 


5. The r ratio of the projected value of hydropower (or the decision price) : 


ratio of the | cost of feasible hydropower 
t 


prices and capacity credits to that i in the reference 1 run (DP). ; ANG 
“Reaaieder development was chosen for the reference run because because the model 
- most clearly reflects the decision-making criteria of entrepreneurs. The results =| 
can be expected to be similar for other types of developers given the limitations _ 
- of the model and the differences between types of developers. The first set 
_ of policy runs is therefore a comparison of hydropower development as estimated __ 
by the model for the four types of decision makers. The differences are analyzed  __ 
and then the remaining policy runs are conducted only for entrepreneur develop- o P 
ment. The remaining sets of policy runs are on financial policies, regulatory P 
and combined financial and regulatory policies. 
4 i financial parameters, shown in Table 2. Table 3 compares ‘the | policy runs. 
_ Considerably more hydropower development is estimated to occur when the 
‘4 financial parameters established for IOU and municipalities are used. In addition, 
_ development is initiated earlier. This indicates the relative economic a ; 


4 types s of developers. 
This result is reasonably consistent with whet i is Table 
shows the New England applications for preliminary permits and for licenses 
.~ amendments to licenses pending as of April 14, 1979. As can be seen, 
municipalities are clearly showing the most interest in small- scale hydropower _ 4 
both in terms o of the number of applications and capacity. A further conclusion _— a 


7 that can be drawn from the data in Table « 4 is that, in terms. is of the nu num yer 7 


4 of applications, "entrepreneurs are showing definite interest. in small-scale 
_ Zs hydropower. In addition, at least in terms of numbers of applications, — 
be and industries appear to have less interest than the others. This is expected | 
_ 7 for the industries because in 1960-1976 it was the industrial owners who retired 
“g . “more small plants than any other owners (3). The two major factors discouraging Sad 
industrial hydrodevelopment are the short payback periods required on major a 
projects by this type of developer and the necessity for purchasing expensive — "4 
f peak or backup power to supplement their own hydroelectric power. 9 
.- The IOU apparent lack of interest in the development of small-scale hydropower | 
may be the result of certain institutional or economic factors unique to New 
England. New State ‘utilities are actively | developing small hydropower 
(13). This finding requires further research. que 
_ Financial Policy Runs.—The effects of several financial policies « on entrepreneur - 
. _ development are shown in Table 3. Development is slowed if entrepreneurs 
- make decisions based on the current value of hydropower rather than on a = 
_ forecasted value and if if they are not given capacity credits by the public utilit utilities. 
Such may be the case if the power purchasers are not - willing to guarar guarantee be 
2 increases in in a the price paid for the Power as fuel costs rise and System capacity — 
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MARCH 


Start of 
_initia- 


pared to 
refer- 


Financial /Entrepre- 
Actual price” woe 
_ No capacity credit | 
100% capacity credit 
after 1984 
_ Increase license cost 
by 30% 
Decrease license 
cost by 30% 
Eliminate license a 


vide 


Investment tax aie 
credit of 21% in 
1980 

be Financial life of 50 
 yrin 1980 
Tax life of 20 yr in * 
_ Guaranteed price of 
approx at. 
$.05/kwhin 


Interest rate of 9 id 
1980 game 
Regulatory /Entrepre- q 
Doublelicense 
-3 | -03 
Increase license bawhis 
requirement by 


Decrease license 
a requirement by | | 


DP 
— 
| same} same same same | same | same | same | same 
+55 | +190 |same | same] +41 | +188 | same same 
—4 +33 | +64 |same |same| +24 | +63 |same |same 
=| —31 | —41 |same |same| —41 | —41 |same jsame 
| -30] -12 |same| -10 | -08 | -06 |same|-os 
same | -25 | -28 | -25 | -24 | -24 | -27 | -24 
same | +11] +21 [+19 | +17] +11 +19 [+17 | +16 
> Same —02 —02 |same }same| —O1 | —02 |same |same 
+02 | +02 jsame | same} +01 | +02 |same 
=2 +05 | +06 |same |same| +03 | +06 |same |same 
same | +08 | +19 |same |same| +10 | +19 |same |same 
same | +05 | +13 |same |same| +07 | +13 |same |same 
same | +05 | +11 |same same +11 jsame same 
same | +22 |same| +17 | +12 | +14 |same +12 
+48 |same |same| +20 | +47 |same |same 
+04 |same |same| +02 | +04 |same |same 
same |same | —03 +03 same |same}—02 
am 03 | —04 | —06 jsame | +01 


in 1984 


(same as ‘pre1969) 


rom license i in F 


Combined/ Entrepre- 

tax 
credit of 21%, 

neat financial life of 50 


ia 20 yr in 1980 
4 Licensing and 


construction costs 
both at 9% in 1980} 
is is needed. Utilities may y not give developers capacity y credits if the hydropower 
i is not considered sufficiently reliable to provide dependable capacity. = 
‘The two most favorable policies in this : set of policy runs are a guaranteed 


_ According to the model, small-scale hydropower development | appears to be 
moderately sensitive to adjustments in such parameters as investment tax credits, © 
allowable tax lives, and financial lives. Furthermore, without considering inflation 
effects associated with delay, is relatively to licensing 


ull A further observation that can be made from the financial runs is that t the 4 
2 ‘cost of developing small-scale hydropower is generally greater than the price 


currently being paid for it in any year. By the time the plant goes on line, 

: “however, the price being paid for the hydropower approximates the cost of 
s ‘its development. In all cases, the « difference between the two prices is greatest 
iin the early years of development. This indicates that cash flows may be negative a 
‘Since municipalities, IOU, industries have different tax end ‘financial 

: lives, debt / equity ratios, and returns on debt and equity, these types of developers — 
_ a are not expected to respond to financial policies as do the entrepreneurs ye 
= if few general conclusions, however, are apr!icable to all: (1) The k known availability 
Z ofa capacity credit in the future, even if not 100%, will spur development; 
(2) financial incentives and practices such as guaranteed (or even subsidized) — 
prices, life-cycle costing, loans, increased investment tax credits, and decreased 
= lives have significant positive effects on SSH development; and (3) licensing 
_ costs by themselves (i.e., not including effects of inflationary delays) have little 
effect on development. 
Regulatory Policy Runs.—The model indicates that small-scale hydropower 
development is sensitive to delays (e.g., time taken 


a | +02 |same | -02 | +03 +02 |same 
q +02 |same| | +04| +03 |same|-o2 
same | +48 |same|same| +20 | +48 |same jsame 
q 
| 
“| 


or simplification of the regulatory process for hydropower licensing to that — 
.- before the National Environmental Policy Act. This seems contradictory | 7 
because both past and present developers generally have attempted to » avoid 
- licensing procedures, and in fact, most existing projects are not licensed G). 
It can be deduced, then, that there must be some perceived or actual problems 
associated with licensing that are not modeled, such as the inflationary effect q 7 
of delays, the intimidating effect of the licensing process, and some developers’ J 
— lack of experience in legal matters. These perceived o1 or actual poten. require 

It is interesting to note that decreasing licensing. delays cause 
of development to occur later than otherwise (2 yr later in this run); the 
_ entrepreneur does not have to begin development plans so early because less 
time is needed to get the plant licensed. Similar licensing changes would be 
expected t to have the same effect on IOU and municipalities. Since direct industrial — 
users do not need licenses, they may be less affected by these types of policies. 
_ Combined Financial and Regulatory Policy Runs. —Combined financial and 5 
_ regulatory policies resulted in more development than when only one type of 


TABLE 4.—Applications from New England for Permits and Usenees er / or Amendments a 


to Licenses s Pending on April 14, 4, 1979 on aldaitis be ton 


Variable Municipal | ntr neur 


ip 


8. 

“Capacities not given for several a lications. 

SS change was made (see Table 3). While the combined policies examined 

in this study always s caused an increase in development, it is possible that some 

combined policies may have counteracting influences and thus cause no change © 

q development or even hinder it. Many types of combined policies therefore 
need to be studied in order to determine their actual influences. = | ay 
_ Summary and Policy Implications. —cConsidering the structure and limitations __ 
_ of HYDRO-I, the policy runs made with the model indicate that, from a financial a 
point of view, the most promising development of small-scale hydropower is 
o municipalities and IOU. While significantly less attractive financially, deve- 
lopment by private entrepreneurs also shows promise, particularly if given 2 
financial incentives. Development is not attractive from an industrial viewpoint _ ; 
because of the short payback periods required. With the exception of development 
by IOU, these results are reasonably consistent with what is actually occurring, © 
although unique institutional factors may exist in New England that hinder 

_ The model shows that ir in the year 2000, given the acceptable omhiteg 

 eemumptions in HYDRO-I, it may become economically feasible for the three 

- leading types of Cems» to develop sites costing approximately double the 


il 
) 
| 
q 
— 


present will generally only be developed now 
‘if developers are willing to accept 1 the risks of using projected | prices for the 
2 value of hydroelectricity when or soon after the plants go on line. Development 
_ may therefore be significantly encouraged if developers are assured of the future | 
Bes of capacity credits and fuel escalation clauses, or if they are guaranteed - 


a fixed price, to be adjusted for annual inflation, consistent with Beas —— 


p _ Since over th the next 10 yr-20 yr some small- -scale hydropower projects fall : 
“show negative cash flows in the first few years after one 


_ Single or combined financial incentives such as —— costing, increased — 

investment tax credits, low interest loans, decreased tax lives, and guaranteed : 
- Prices: can significantly spur the development of small-scale hydropower. The — 
Rae of increase depends on the type of developer, 

__ There may be actual or perceived financial and institutional problems associated 
with the licensing process. This is suggested by the model’s indication that 
- licensing delays and costs by themselves do not seriously hinder hydropower T a 
development, even though most developers react negatively to the licensing 

process. This problem may act as a barrier to development and needs further — a 
study. It is suspected that the inflationary effects of the a Bepee delay and 


_ the complexity of the process are the major deterents.§ = | able 


a A has of ‘the economic, licensing, construction, and 7 
retirement factors or sectors that influence the development of small-scale == ff 

hydropower at existing dams in New England. The model best represents 4 

_ development from the point of view of the entrepreneur. Given its limitations, ey 

the model i is useful | for financial and oe policy analysis. Some neces 

model’s economic and licensing sectors and data base, adding envircamentel 
and social sectors, and modeling the impacts of the Public Utility Regulatory é 

. Policies Act of 1978 (PL-95-617) and other regulations implemented a after the 


was developed. This will b be on in future Unde 
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= data ar 
in diverse missions. Identifying the appropriate organizations and obtaining ie 
- data from them has often been a frustrating and time-consuming process. Valuable 
data are often not utilized because it is not known that they exist; needed 
‘dataare frequently difficult to obtain within needed time frames; and considerable ae 
time can be wasted obtaining duplicate data from multiple sources. The National — a 
Water Data Exchange (NAWDEX) was established by the United States Geologi- : 
_ cal Survey in 1976 to serve as a national program for cataloging and indexing | oy 
- water data that are available throughout the nation and to improve access to 3 
i. data. This paper describes the services available through the program 
and how the program ¢ can be used asa focal Point for acquiring information 


NAWDEX has been developed as a confederation of organizations working 
together t to improve ac access to water data. Organizations participate in NAWDEX 
by becoming members. Membership requires that a Memorandum of Understand- 
ing be signed between the organization and NAWDEX which defines the member’ Ss. 
general commitment to take an active role in the program, to provide afermntion 

on its data holdings, and to provide data from its holdings in response to requests. 
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- imerstate, academic, and private sectors participate as members. Four foreign — 


organizations located in Brazil, Canada, and Mexico are also affiliated with 


4 As shown in Fig. 1, members are linked through a central program office 
located at the United States Geological Survey’s National Center in n Reston, 7 
Va. The central program office provides overall management of the program, & 
Soto: data-exchange guidelines, develops and maintains central indexes of _ 
available data, develops and maintains systems and software needed for 


q of the program, and coordinates a nationwide program of ws user services. Each 


NAWDEX 
Ans 


Organizations izati is ated ew 


‘member designates one or more individuals to serve as direct points of contact 
with the program office on all matters related to NAWDEX, thereby, assuring 
continuing liaison and reliable communication with all participants in the program. 
Th structure and mode of operation greatly facilitates the ability of NAWDEX q 
to serve as a national f focal point f for | information | about available water d data. oo. : 
CenTRAizeo ) INDEXING or Water 


A critical factor i in the acquisition and exchange of water data is the awareness a 
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user r to quickly identify what data are available and where they may be obtained. 7 
= _ The NAWDEX program office maintains two computerized data bases for 


this purpose: (1) The Water Data Sources s Directory; and (2) the Master Water 7 


4 The Water Data Sources Directory ide ifies organizations that are ‘sources 
s of water data or other environmental data pertinent to water-resource activities. 
_ For each organization, information is provided on office locations within 
~ organization from which data may be obtained, alternative sources from whic 
7 - the organization’ s data may be obtained, the geographic areas for which data 
are. available, , the types | of data available, and the media in in which the data 
are available. The Directory is not t restricted to sources of water data, but as 
also identifies research organizations, users of data that produce subsequent a 
information products, sources of other environmental data that may be — 
to water-resources } programs such as planning agencies, enforcement agencies, = 
and others. Thus, it serves as a mechanism for providing information about — 
a large number of o organizations that contribute to en environmental studies and 
" programs. To date, over 700 organizations have been re registered in the Directory 
and others are being added on a continuing schedule as information about them se 
- The Master Water Data Index identifies individual sites for which water data 
are available. For each site, the following information is ‘provided: (1) The 
geographic location of the site; (2) the identification of the source organization; 
® the types of data available (surface water, ground water, or water quality); 
@ the periods for which each type of data are available; (5) the major water 
a data parameters measured; (6) the frequency of measurement of the parameters; 


a 
ne 
- Large volumes of areal or nonpoint data are also collected. Design ste Son 
1S for a central index of these data are currently under development for the future 
= inclusion of this information as a part of the NAWDEX information resources. — 
a» The Water Data Sources Directory and Master Water Data Index are designed 
for conjunctive use and are cross-reference 
 locater codes. For example, the Index may be used to identify : sites for which 
data are available within a project study area and the Directory can be used» 
to identify office locations of the source from which the data may be obtained. — 
Also, all data available for an organization may not have been indexed. The 
- _ Directory can be used to identify the total data resources available from an — 


- organization as well as the amount of | these , data that have been indexed in 


; ™ These data bases, then, serve as a central focal point for information about ~ 
data available nationwide from a large number of organizations They 
ate stored on the United States Geological Survey’ s central computer system = 

4 at its National Center in Reston, 'Va., and are available for direct « computer 
access by all NAWDEX service centers and NAWDEX member organizations 

; iis have a a frequent, continuing need to have these data available for use. — 


- It is not economically or logistically feasible to gather and store all water data a 
| Ss at a central location. Therefore, a viable alternative is to maintain a central 
| 
= 
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Foca. Powrs ron Access’ NAWDEX 


_ Once data are known to be available, an adequate and effective system must — 


_ be established to assure the timely exchange of data and information between 
data holders and users. To meet this need, - NAWDEX< has coordinated the ra 
establishment of a nationwide network of assistance centers. To date, 60 centers" 
have been established in offices of member organizations located in 45 states 
(ant hes Puerto Rico. The locations of these centers are given ir in thi the following: 


ig labama: Tuscaloosa Mississippi: Jackson 
Alaska: Anchorage Missouri: Rolla cotter 
Arkansas: Little Rock Lincoln (2 locations) 
Lakewood (Denver) New Jersey: Trenton ober 
and Ft. Collins New Mexico: Albuquerque 
Connecticut: Hartford New York: Albany and Syosset 
Florida: Tallahassee, Miami, Or- North Carolina: Raleigh 
= lando, and Tampa North Dakota: Bismarck __ 
Ohio: Columbus fa 


‘Indians: ow Puerto Rico: Ft. (San 
Towa: City (2 locations) Juan) also serves Virgin Islands _ 
Kansas: Lawrence South Carolina: Columbia 
Kentucky: Louisville South Dakota: Huron 
Louisiana: Baton Rouge Tennessee: Nashville 
Maryland: ‘Yowson (serves Del- Texas: Austin won 
aware and District of Utah: Salt Lake City (2 locations) 
_ Massachusetts: Boston (also Richmond and Blacksburg 
hon serves Maine, New Hampshire, Washington: Tacoma 
Rhode Island, and Vermont) West Virginia: Charleston 
Michigan: Lansing and Ann Wisconsin: Madisor 
‘These « centers provide local and convenient access to the information, — data 
and services available through NAWDEX. They provide direct assistance to - 
wal in identifying and locating needed data and making referrals to source a 
organizations for data acquisitions, = §g- = 
All assistance centers, except four, have direct access to the Water Data " 
Sources Directory 2 and Master Water Data Index via computer terminals. - 
. Therefore, users can be provided with site-location listings, summary s ) statistics, 
- source addresses, and other information pertinent to the available data within 
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their area interest. centers also direct access to the water data 
oa files of the Geological Survey’s National Water Data Storage and Retrieval al 
System (WATSTORE) and can provide data from this system upon request. 
The NAWDEX program office in Reston, Va., the assistance center facilities ; 
of the Texas Natural Resources Information System (TNRIS) in Austin, Tex., = “4 
as the Utah Division of Water Rights in Salt Lake City, Utah, and the Center 
for Water Resources Research for Utah State University in Logan, Utah, serve 
: as disseminating agents for water-quality d: data stored i in the Storage and Retrieval — 


_ access to the WATSTORE and STORET systems for a limited number of its _ 
member organizations. Members my also” establish computer access to the 
NAWDEX databasesifdesired. ainey 01 woitibbe ai 

Many additional systems and data services are outside 
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2.—Typical NAWDEX Retrieval Request 


sistance center network that contain information and data pertinent to water-re- : - 
source programs. coordinates its activities with several of ‘these 
systems and services and has established cooperative programs with them for r A 
the exchange of requests, data, and information to assure that a user of water , + 
: data is provided maximum access to other environmental data and information © 
> that are available. Cooperative programs have been ¢ established with the Environ- 
_ mental Data and Information Service of the National Oceanic and Atmospheric _ a 
_ Administration which includes the following: (1) The National Climatic Center; 
f (2) the National Oceanographic Data Center; (3) the Environmental Science 
_ Information Center; (4) the National Geophysical and Solar-Terrestrial Data — 
Center; and (5) the Center for Environmental Assessment Services. Independent 
organizations include the Water Resources Scientific Information Center (WRSIC) 
of the United States Department of the Interior and the Water Resources 
_ Document Reference Center of the Canadian Department of the Environment. a 


_ Through these om and services, a access is provided to over 100 bibliographic f Ps 


| = The NAWDEX program office also has the authority to provide direct computer | 
4 
q Data | Central 


"systems of other organizations and an index of over 10,000 environmental 

files maintained by the Environmental Data and Information Service. Three 

assistance centers, (TNRIS), in Austin, Tex., the Water Resources tam 4 

poh Center of the Virginia Polytechnic Institute and State University in Blacksburg, ‘ter 
--Va., and the Water Resources Research Institute of Colorado State University _ 
— ? in Ft. Collins, Colo., have direct t computerized access to the bibliographic files 

hy of (WRSIC) of the United States ‘Department of the Interior and support the 

other assistance centers by providing information from this system. 


A a _ The NAWDEX assistance center network serves, therefore, as a focal point 
access to many data bases including several major Federal water-data files, 
he bibliographic files, and environmental data-index files. Several of the centers 
also serve as major focal points for access to data within their ‘Tespective States, t 
in addition to participating in the national-level NAWDEX program. Services 4 
are available to anyone. As shown in Fig. 2, a request may be submitted in me 
writing, by telephone, or by personal visit to the NAWDEX program office 
: or any assistance center. The central indexes are queried by the center to identify _ 
¥ data available to satisfy the request. If possible, member data systems are accessed a 
; and data provided direct to ) the requester. In other cases, the requester is referred - 
by the center to the proper sources for acquiring the needed data. The continued _ 
of = of the NAWDEX membership in providing these services will contribute ; e 
Significantly to the utilization of data throughout the water-re- 


The NAWDEX and its services can be used by the water-resources 

a ina | variety of ways. ‘It can be used as. a central focal point for 

data available for use in ‘specific projects. It can help to identify 

‘ data acquisition activities that may support or supplement a user’s own acquisition 

_ activities. Its central indexes can be used to serve as a catalog or index or 

3 a user’s individual data resources, thereby helping to better manage the resources. 

oe an ‘The indexes also serve as a valuable mechanism for communicating the availability 
2 data or services to a large number of organizations. They also have value ‘si 
: for many management functions such as supporting the coordination of water tee. | 
iE acquisition activities among many agencies, defining the existence and 
“overlap of data-monitoring networks; defining duplicate data acquisition activities; 
_ identifying additonal data activities that are planned or needed; and defining 
the relationship of data acquisition activities between various agencies i in ‘Specific 
geographic areas. A wide variety of catalogs, printed indexes, ‘numerical sum- 
_ maries, and other products can also be it that are tailored ‘to a — s ’ 
specific needs or interests. 


has since 1976. It is just now to 
3 widely known and utilized by the water-resources community. Its membership _ 


wre, of 


structure, its centralized indexes of available water data, and its nationwide J 
network of assistance centers have successful in improving access 
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mis 
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available. water increasing ‘the utilization of these data, ond 
access to data available from a very large number of collector and holding 
organizations. The program will continue to increase its information resources 
and expand it its service ‘capabilities. in this manner, it will continue to” serve 
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WATER CONSERVATION 


Water conservation is becoming increasingly a a pon for water utilities in 
the United States. Fast fading are the days when water was supplied in great o q 
abundance at prices of only a few cents/1,000 gal, or at no unit charge at 
_ all but delivered in any quantity desired at a flat rate. What caused this evolution - 
from plenty to scarcity? Three factors seem to have come together to emphasize 
_ that water is a scarce commodity subject to competition. These are: (1) Increasing : 
_ costs of raw water development; (2) higher standards of treated drinking water; 
and (3) scarcity of supply exacerbated by drought. This combination has resulted 
- in attempts to stretch the available supply. If each user, on the average, used 


savings ‘that would result ‘from: metering Denver's 88, 000 flat-rate ‘customers 
would be enough to supply at least 25, 000 new metered customers. = - 


_ combinations of different options that reduce water Sonadll and then to evaluate — 

the techniques and knowledge needed to implement them (7). 


; a A water conservation program provides direct t benefits to the utility and to 
_ the utility’ s customers. The benefits include reduced pumping « costs, s, deferment 


= ae and chemical costs and lowered residual-sludge volumes. In addition, — 
"Prof. of Civ. Engrg., Univ. of Colorado, Campus Box 428, Boulder, Colo. 80309. _ 
_ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 7 
- awritten request must be filed with the Manager of Technical and Professional Publications, a 
ASCE. Manuscript was submitted for review for possible publication on January 29, 
1980. This paper is part of the Journal of the Water Resources Planning and Management ~ = _ 
Division, Proceedings of the American Society of Civil + wee ©ASCE, Vol. 107, E 
No. WRI, March, 1981. ISSN 5 / $01.00 
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iy ‘designs and lower system investment costs for those facilities designed to meet 

peak demands such as water treatment plants, pumping Stations, and storage 
and piping in the distribution system ©. The customer can receive benefits ; 
through reduced energy bills for heating water and perhaps reduced water costs _ 


(passed as operating costs and lower plant investment 


full consideration should be given to the possibilities for reducing water 
withdrawals by metering, by imposition of pricing systems that encourage ~ 


_ more efficient use of water, by changes in building codes, by reducing i = 
leakage, and by other -measures, as an alternative to 


Public Law 92-500 implies a legal mandate for water conservation by announcing 


through regulatory fiat the ‘‘grant-eligible’’ portion of the total capacity of | 
wastewater treatment facilities that the Environmental Protection Agency ( EPA) 


will fund (4). More recently the President issued memoranda to heads of executive 


departments and agencies requiring implementation of changes to achieve wat ‘ 
_ conservation in loan and grant programs for water supply and treatment, in 
housing assistance programs, and in agency operation of all kinds (13). 
_ If implementation of water conservation programs is to be successful, a 
- commitment is required from the water utility management; good relations must — 
q exist between the water-using public and and the utility; and the water customer — & 
must believe that conservation is both necessary and desirable. 
a _ A recent Congressional Research Service study (11) has emphasized two 
_ problems in implementing water conservation programs: (1) The ingrained idea _ 
‘ that per capita use of water must continually increase to maintain our standard 
_ of living; and (2) the failure to establish a price for water which is commensurate _ 
with its value in use. In the following s sections some of the methods of attaining — 4 
water conservation by urban users are summarized. dow Ro. 
7 Structural Methods.—Through metering, flow control devices, and recycling 
‘ systems, reduction in demand can be encouraged. The metering of cuatamer ¢ 
usage normally causes the consumer to become more sensitive to price, ie., 4 
"customers who are charged for water on the basis of use will tend to restrict 
‘their u use. se. Other system- wide structural means include reducing system- -wide nd 
s “pressure, reuse of wastewater, and installation of hydraulic flow regulators which - 
_ physically restrict the amount of water (flow rate) that can be delivered. 
i Recycling treated wastewater for public use or residential use may one day Ps 
“represent an important supply alternative. Reuse for irrigation and recreation © 
- purposes, as well as o 


attenuation of peak flows by conservation pra es would allow scaled-down 
d 
Water conservation can be defined as making more efficient use of existing 
through structural, operational, economic and sociopolitical means. The __ 
_ need for residential water conservation was recognized by the National Water ~—E ff 
i ( 
q 
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escalate, treatment methods improve, and water more and 


_ consumer can install water- -saving devices, flow controllers, and recycle per 
_ systems. Water-saving devices include plumbing fixtures and appliances that 
accomplish the same function as standard equipment but use less water. * 
Flow-controlling devices reduce the pressure in the individual residence. Home - 
recycle systems are based on segregation of wastewater flows in the home, 
usually into gray- - and | black-water components, and involve successive reuse, 2 
perhaps even with retreatment, of the gray-water component (5). 
‘The individual consumer can reduce lawn-water usage through changes in 
_ horticultural practices of a physical or operational nature. The use of native 
species of plants and certain landscaping techniques can reduce sprinkling 
_ requirements. Installation of improved sprinkling equipment, drip irrigation, and 
Similar systems permit the application of less water (3). tud | bargabs 
Operational Methods.—Operational methods of demand reduction are chiefly _ 
under the control of the utility. Leakage detection and repair and the implementa- 
tion of use restrictions are the major operational means of water conservation. — 
kK System leakage is responsible for large quantities of unaccounted-for water 
in some communities. Leakage repair improves system efficiency and increases _ 


water availability. Procedures are available to detect and correct most system — 
— oan These have been found to be cost effective in terms of the value of ae 
__ The implementation of restrictions for different categories of use is a common 
conservation technique. Residential water-use restrictions may be 
f _ addressed to exterior water uses such as lawn irrigation and the filling of swimming 
pools or, in more severe instances, to the total usage / customer. soa 
_ The consumer can also implement | the operational technique of demand 
‘reduction. One way is through leakage repair. The detection and repair of fixtures’ ae 
leakage is principally the homeowner’s responsibility, 
In some utilities excess pressures increase usage and the rate of leakage. 7 
= System pressure reduction to 50-60 psi (345 kN /m*-414 kN/m 1*) has been s shown = 


- = several instances to reduce demand. of course, it is necessary to guard 


against excessively low pressures as well. At the household level, utilities have 
; wane the installation of pressure reducers in the household tap if pressures 
excessive, say above 60 
Economic Methods. —Economic means of demand reduction can be accom-— 
plished solely through utility actions. The economic modes of water conservation 
- include pricing policy, incentives, penalties, and demand metering. A constant 
- unit price or an increasing block-rate structure, as contrasted with the typical _ 
- - flat rate or declining block rate, places increased cost on the use of additional 
increments of water. Incentives take the form of rebates, tax credits, or other — 
; rewards | for conserving water. Penalties or fines can be imposed for the he wasteful 
: use use of water. Demand metering is a pricing mechanism based upon measurement 
= of incremental volumes in relation to time of use. That is, demand meters _ 


q couple a structural device with peak-demand pricing to encourage reduced usage 


Socio-Political Methods.— Public education regarding conservation techniques 
necessary in any demand reduction program. Instruction in how water is _ 
used and how various conservation alternatives would work are the keys to = 


A 
| 


i 
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= 
their adoption. of a conservation ethic is to any successful 
water conservation campaign, 


_ Other socio-political means include laws, such as building-code modifications — 
; that mandate the use of low water-consuming plumbing fixtures. By requiring — 
equipment in all new homes and all remodeling plans, 


Water Conservarion Programs: Water Savincs THroucn Consenvanon. 


Combinations of the various water conservation alternatives previously men- 
a tioned can be designed to - specific si situations. All of the pootionsty discussed — 


. absolute savings cannot be ‘predicted by adding up the : savings of the “methods 
adopted, but judgment must be used in estimating the total effect of a combined 
program. This is illustrated in the following, 
_ Baseline Conditions.—To evaluate a program of water conservation a besslins 
_ was established against which savings can can be measured. For illustrative purposes = 
TABLE 1.—Baseline In-House Water Use : 


gallons per capita per day Asa percentage 
afl Bath/shower 
Lavatory/sink 


Laundry 


ulinary 
ry 
a Total 


a residential community of 40,000 population with 10,000 dwelling units = 


a assumed. The typical household has four members, two bathrooms, a dishwasher 
and a clothes washer. The lawn size is assumed to be 8700 sq ft (809 m » wane 

_ The home is not metered and the rate of sprinkling application is 2.8 ft of es 
_ water/yr—well above the irrigation requirement of 1.9 ft (0.579 m) needed 


“ to meet the potential evapotranspiration less effective rainfall for a semiarid 


‘total 64 gal/capita/day (gpcd). This is equivalent to 243 L/capita/day (ped). 7 
Average daily water use for the four-member household is 256 gal /day / ducing 

unit (gpd /du) (970 !pd / du) domestic use plus 500 gpd / du (1895 Ipd /du) sprinkling 


‘The ratio of maximum day to average day during the peak summer lawn-watering 


period is taken as 2.1, and the peak hour to average day ratio as 5.3 (15). * 
These result in a maximum day demand of 1,588 gpd/du (6,019 Ipd/du) and 
peak hour use of a tittle more 4, 000 pgd/du (15,1 Sanita 


| | 

) 

ie. 

| 
| 


"sewer one are re equal to the domestic usage of 256 gpd/ du (9701 ipd/ du). Return 
_ flow from excess lawn irrigation would be 160 gpd/du (606 Ipd/du). BSS-005,01) m 
For the hypothetical city with a population of 40,000 DO the per capita, per 
eon unit and total water usage including return flow is shown in Table 
- Total annual demand would be 2, 760,000,000 gal (10.4 x ¢ 10° m’) and return» 
flow would be 1,520,000,000 gal/yr (5.75 x 10°m*), per 
_ Metering.—Having established baseline conditions on a flat-rate, nonmetered 
. basis, the effects of metering can now be enumerated. While it seems soonenatio : 


that metering would reduce domestic usage somewhat (especially in older — 

_ residences) because o of leakage repair and better maintenance of plumbing fixtures, : 
“the i in-house usage values given in Table | are relatively conservative and for _ 
_ this reason no reduction in this component’s demand is assumed. Lawn sprinkling 7 

a however, be affected and it is assumed that irrigation would drop to 
TABLE ‘2.—Residential Water Demand—Unmetered 000 000 


Daily Demand or Flow 


cag capita, Per household, in millions 
Average annual: 
In-House 
 Sprinkling 
Total 
day 
_ Maximum hour 
Return flow: 
Sanitary sewer 
Pa “Irrigation 


Note: 1,000,000 gal = 3785 m*; 1gal=3.78L. 


be just equal to the irrigation requirement of 1.9 ft/ yr (0.58 m/yr). The 
consequence of this would be to reduce the return flow from lawn irrigation — 
to zero if, as assumed, the water is entirely consumptively used. Total efficiency 
in lawn watering is not likely, however, and some return flow is assumed equivalent 

10 gpd/du (38 Ipd /du) which is 3% of the applied rate. Jaw od 

____- The result of metering on components of demand is shown in Table 3. Metering -_ 

= has the effect of reducing total demand by 21%, sprinkling by 31%, and return _ 


flow by 29%. Metering has been shown to be cost e! effective in terms of water 
saved if costs of installation are reasonable 
Water-Saving Household Devices. es.—Water-saving household devices cover a 


wide range of plumbing fixtures and household appliances. For ‘retrofitting, 7 
the following are sufficiently cost to install and maintain, and 


| 
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an 200-22,800 L/yr/household; shower heads save about 12,000 gal/yr/house- 
hold (45,600 L/yr/household), and aerators save about 3,000 gal/yr/household 


(11,400 L/yr/household). ‘The t total Savings are estimated at 20,000 


gal / yr / household (76,000 L / yr/ household). All of these devices are cost steffective 
even at very low water prices (15), 
_ For these devices to be effective, it i is necessary that they be installed in 
a large percentage of the households. This is not difficult to attain in ‘new 
 houaing, where plumbing and building codes can require the devices. For 
‘Fetrofitting, however, a concerted -public- -education program is necessary, as 
is the ready availability of the devices at little or no cost to the customer. k : 
Recent research has shown that about 50% of the households questioned indicated 
they would install re devices if these were made available at little 
3.—Residential Water Demand—Metered 000 po t 10, 000 ) house- 


Percapita, Per household, millions 
= gallons of gallons 


(4) ~ 


In-House 
Sprinkling 
Total 
Maximum day q 
Return flow: 


Total ait 


‘The water savings if 50% of the 10,000 households in the example installed 
_ such devices could exceed 100, 000,000 gal/yr, or about 14 gpcd (50 Iped). This 


; _ would be enough water to serve about 600 new customers. The residential water 


demand for the hypothetical community with metered services and installation 
of household devices is shown in Table 4. The combined result of metering 
and water-saving devices is to reduce total demand by 25% and return flow : 


a Pricing.—The use of pricing policy can be an effective tool for achieving 
_water conservation. The economic incentive for using a smaller amount of water a 
is dependent on consumer attitudes and needs, as reflected in the — 


of demand. Economic theory of demand usually describes two kinds of elasticity, — 


or the measure of change in demand with change | in price. Income elasticity — 
is to the the consumer and, in in general, indicates that for 


| 
— 
> Sector 
7 
43¢ /1,000 gal (11.3¢/ 
‘< 


nonessential commodities a consumer with a lower income modif y his 
than a consumer witha higher income. 
: Price elasticity relates demand with price, is expressed as A4Q/Q + 
and measures the change in demand that occurs for every change in aaiee, : 
given a price-demand relationship. In terms of residential use in-house demand _ 
is less price elastic than lawn sprinkling, i.e., with a given price increase the 2 
relative change in household use will "change (decrease) less than sprinkling a 
_ usage. Table 5 gives some price elasticity values for various categories of demand. — 
In-house water use is considered essential and is not every responsive to price _ 4 
a _ change. Exterior lawn watering use is somewhat less essential and is, therefore, 
Zz more responsive to price changes. The elasticity for both these categories 2" 
_ always negative and less than unity, but its magnitude varies geographically 


TABLE 4.—Residential Water Demand—Metered with Devices (40,000. population— 


Daily Demand or Flow 


capita, Per household, 
in gallons in 


in 
f gallons 


Average annual: 
-House 


Maximum 
Maximum 
‘Return flow: 
Sanitary sewer 


Note: 1,000,000 gal = 3785 m’*; 1 gal = 3.79 L. 


Pricing theory and response have been many 
_ Pricing methods have been devised in an effort to reduce the quantity of water 
demanded, but more typically they are used to proportion the costs equitably 
_ 2 Peak demand rates and increasing block rates are two pricing structures that ra 
can promote water conservation. One procedure is to charge an extra fee for 
water used above some base allotment computed for each customer individually. 2 
For instance, a residential user may be charged significantly more per unit 
of water demanded any time his monthly usage exceeds 130% of his average 
winter monthly demand. Another conservation scheme is increasing block rates 
that charge large water users higher rates for additional units. Goober ea 
As an example of the water savings that can result from a p price increase, — 
"assuming the elasticities of Table 5 are applicable, Table 6 shows the Tesidential 


Sector demand 
— ae 
— 
— " water demands for the totally metered Community whose demand is given ins 


7 gal (22.64¢ / 1000 L). The net result of the doubling of water prices is a oof 
reduction in residential demand. — 
__ Water-Use Restrictions.—The imposition of water-use restrictions is essentially 
a short-term method of conserving water. When water supplies reach a level | 
4 at which officials project that there may not be enough water to meet near-future 
demands, voluntary restrictions are usually instituted. These may later be made 
mandatory. The primary difference between this conservation method and the 
; - others discussed is that restrictions inconvenience the water consumer, fil te 


the other methods are designed to inconvenience the customer as little as possible 

The effect of restrictions is not included in this example, although it might 

; be anticipated that a mandatory system of alternate day watering could ~e : 
the sprinkling demand as given in Table 2 (unmetered) by as much as 30%. = 
- Return Flow Implications. —The effect of urban water conservation on doar 
‘stream receiving streams can be an important consideration especially in low-flow z 
periods. The effects of conservation are of two kinds. One is the reduction 
a: sewage effluent entering the receiving stream. In many locations — 

- direct flow and storage appropriations are dependent on these effluent return ay 


Tames 5. —Price Elasticities (2, 10) 
Domestic (2) 
a Average day 


: “flows. A siietiateds utility 1 may be counting on their effluent to meet the | rights 

_ of senior downstream appropriators while the city diverts water upstream under 

a junior appropriation. In either case, any reduction in the effluent discharge 

7 ean adversely affect the downstream water users—in the first case by reducing 
; the amount available to downstream junior appropriators and in the second — 
“case by either requiring reduced diversions upstream by the utility or by the - 
release of storage water downstream to meet senior rights. 

_ The second effect of a conservation program is the reduction in lawn watering. 

_ Since an effective conservation program can reduce watering to a level at or 
_ below the consumptive use requirement for a good lawn, the deep percolation - 
; and runoff components of applied water are virtually eliminated. These excess — 
han either recharge the ground water or enter the storm sewers and other | 


channels leading to a receiving stream. If the ground water is hydraulically 

connected with the receiving stream, the effect on the stream is the same as 
that of a reduced discharge to the stream. 
, The result of a water conservation program that reduces in- house usage by | 

toilets, showers, faucets, and washers will result in reduced sewage flow. While 


- this may benefit the hydraulic loading on the sewage | treatment plant, it can 


| ] 
| — 

| 
4 

4 
1 
= 


adversely affect downstream appropriations. Conservation p that reduce 


lawn watering may essentially eliminate this source of water from storm sewers 
and ground water and affect downstream appropriations of both surface and = 


_ _ The quantity of the decreases in return flow as a result of a conservation 


program is difficult to evaluate accurately because the analysis is dependent _ % 
hydraulic, hydrologic, and geologic conditions that exist at a specific site, but __ 


: as noted in this example the effect of metering alone was to reduce return flow | 7 


from 41,600, 000 — to 29, 600,000 gal/day (157, 700,000 L- 112, 200,000 fl % 


TABLE 6. in Daily Water Demand with Price (40,000 


ann 


millions millions | in millions 
Demand sector | of gallons elasticity | ofgalions | of ~ 


ni 


wal = 11.3¢/1, 000 L; 000 = 22. 6¢/1, 000 L; 1,000 gal = 


w 1 hold, in gallons/year 


Devices (toilet, shower, faucet) worl 10,000 m 
} Double price (43¢/1,000 gal-86¢/1,000 gal) 

| 

Efffects of Combined Water-Conservation Programs. —-The water savings -result- 

: ing from the combination of different conservation practices of metering, | 
3 water-saving devices and the doubling of price is not the addition of the individual 
items because some of the practices affect consumer response in the same 


way. | For instance, raising the: Price for water has some of the same effects 


J 
| 
g 
| 
q On Water UuSe as device installation, and it iS Goudtiul that, alter we 
| _ devices are installed, doubling the price of water would result in as large a = 
| «Savings as indicated in Table 6. Table 7 gives a summary of the water savings _ 


programs individually and for their judged combined effect. 
Effect of Combined Conservation Programs on Metered Revenue. —Based on 


« 232,000,000 L) at 43¢ / 1000 gal (11.3¢/ 1000 L) before conservation would pro- 
$934,000 in revenues / yr. After conservation, the demand of 1,370,000,000 
gl (5,200,000 L) at 86¢/1000 gal (22.6¢/1000 L) would equal $1,178,200 or : 
ani increase of $244,200 or 26% in the revenue from residential users. Of course, 

if demand did not drop as much as . estimated, revenue would be even higher. 
On the other hand, water savings from installation of water-savings devices al 
“eal with the original price of water left intact, would result in a $43,000/yr — 

i in revenue. Ignoring elasticity effects, this loss could be recovered by = 
small price inc increase. 


Conciusions 


illustrated. The total of the example ‘community. of 2, 172,000,000 gal 


fs Din 


Zz ‘ile. ,., metering plus devices and doubling the price, is to reduce domestic use 


_ from 64 gpcd (243 lped) to 57 gpcd (216 Ipcd) by the use of meters and water-saving 
_ devices (if installed in 50% of all residences), and further to reduce domestic 
use to 43 gpcd (163 -Iped) by doubling the price of water. Lawn sprinkling 


r would be reduced from 85 gped (322 Iped) to 51 gped (193 Iped) by the p ies 
increase. Overall usage would drop from 149 gpcd (565 Ipcd) to 100 gped (379 = 


_ Three cautions to accepting these values need emphasis. ‘They _ 
assumptions that: (1) The elasticities of demand are correct; (2) the programs 7 

are largely | additive; and (3) 50% of all households would install and keep in 

good repair the water-saving devices. 


_ Peak day to average day ratios would pro probably oily y about the same under 
‘the conservation programs, with the peak day demand decreasing Proportionately — 7 
OA loss of revenue would be the result of installing water-saving devices but 
_ revenue would increase markedly due to doubling the price of water. The 
combination of both practices would result in a sizable increase in revenue. 
Reductions in return flow because of implementation of water conservation 
_ practices could have important implications to downstream water users, vesecialy 
‘in water-scarce areas of the western United States. wale 


: a Imposition of various water conservation programs either singly or in combina- _ 
; ' tion can result in significant reductions in residential water demand, but ey le 
1 effects on revenue production and return flow should enter the decision- making 
"process regarding of any water conservation program. 
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_ With the discovery shortly after World War II of the artificial formation 


of i ice crystals and the subsequent development of cloud-seeding techniques, 

attempts were begun to adapt the new technology to the ‘enhancement of rainfall. a 
_ A number of operational projects were begun in various sections of the United 

States, and by 1970 three commercial cloud-seeding programs were underway 

in Texas. During the same time some of the commercial projects were = 

evaluated as to the effectiveness of cloud seeding, several scientific experiments 


_ More recently, anew and concerted iadeawer is Cage made by the Federal 


whet occurs after the application of various cloud-seeding techniques on an 
assortment of cloud types. This ambitious program of research and development 

in weather has been named the High Plains Cooperative Program 


were being carried out as See, thes far ‘the results of these endeavors 


The HIPLEX program is a Federally sponsored research effort in the field - 


of weather modification in the United States high plains states. It is part of 4 
United States Department of the Interior’s Project which is 


 'Chf., Weather Modification and Tech. Section, Tex. Dept. of Water Resources, Austin, — 
oa Note. —Discussion open ‘until August 1, 1981. To ‘extend the closing date one month, Sad 
a written request must be filed with the Manager of Technical and Professional Publications, 
ASCE. Manuscript was submitted for review for possible publication on December 4, 
1979. This paper is part of the Journal of the Water Resources Planning and Management ee 
_ Division, Proceedings of the American Society of Civil Engineers, ©ASCE, Vol. 107, = 
WRI, March, 1981. ISSN 0145-0743 /81 /0001-0097 / $01.00. 
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to to develop an effective technology for peocipitatic precipitation | management to. to serve the 
nation’s freshwater supply needs. The goals of the HIPLEX program are to z 
establish both a verified, working technology and an operational management % 


‘framework capable of producing additional rain from cumulus clouds in the 
Early in 1973, the Bureau of Reclamation’s Office of Atmospheric Resources 
= Management initiated the HIPLEX program as a joint effort involving state _ 
and local participation. In 1974 the Bureau entered into cooperative agreements _ 
with interested high plains states and selected three experimental s sites representa- 
tive of the northern, central, and southern sections of the great plains. These 
_ sites are located in Montana, Kansas, and Texas, with Big Spring being selected an 
as the focal point of activities in Texas 
Texas HIPLEX Provect AreA 


_ To promote weather modification research in , the e high p 


- state and local groups sharing in the planning, operational control and support 
% aspects of the program. . An area of west Texas, which includes the target area 

_ of the Colorado River Municipal Water District’s weather modification program, — 
_ Pr selected as the Texas HIPLEX study site. Of the sites given consideration — 

_ in Texas, this site was given top priority by the state and was el 
to be representative of the crops, climate, and water needs of the > 


‘The Bureau of Reclamation provides financial and technical support to the 
Texas HIPLEX program. The design and conduct of the program are coordinated © 
by the Bureau of Reclamation sO that the results obtained can be — 
into the overall HIPLEX program in an optimum manner. Some of the equipment — 


being used in the program, including a weather radar system, is furnished by 


__ The scientific and technical objectives of ‘the Texas HIPLEX program are : 
to develop a refined precipitation management thet spplied 
to produce additional rainfall on the Texas high .. id 
The specific objectives are given in the “ng 
1. Scientific—(a). Acquiring ng data to ata to establish a: cloud precipitation pclimatol 
ogy of the region; (b) learning aan about the relationship between large- -scale 
(synoptic) weather conditions (e.g., cold fronts, squall lines) and storm-cloud 
populations; (c) identifying smaller-scale conditions and relating them to = 
development; and (d) examining various properties and processes (both micro- 


"physical and dynamic) of selected clouds. Roll! od 4 
2 _ Technical—(a) the meteorologist’ s ability t to estimate precipitation 


Texas HIPLEX 


observational methods to present ‘end future needs of the 


98 
| | 
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a ureau entered Into an agreement With the 1exas Department of Water Resources, 
ee aa. whereby the HIPLEX program in Texas would be a cooperative effort, with a1 
a 
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Funds oe ani portion of HIPLEX have been allocated annually by 


arch groups for HIPLEX- -support nates 


EXPERIMENTAL Basis 


water droplets / (or—as is common in the Texas high plains during the spring 


Previous investigations have shown that clouds tiny ice 


q summer—a combination of both). Dust, smoke, salt, and other particles 


in the air serve as nuclei around which the crystals and droplets form from aan 
available moisture in the atmosphere. Some of these microscopic particles serve _ 
_ . as condensation nuclei on which water vapor condenses to form cloud droplets, _ 
= others act as ice nuclei on which condensed water freezes (or in some 


= ‘ice crystals | form directly from water vapor). Generally, i in the high plains wed 


the HIPLEX experiment is based on the idea that man can assist nature 
= in the rain-making process through proper cloud-seeding management based 
on solid scientific fact. The results of the HIPLEX experiment may ‘Suggest 


§ process. By furnishing appropriate nuclei through ‘‘seeding”’ at the proper time wi 
and place and in the proper amounts, these clouds 1 may realize increased rainfall 
on the ground. The HIPLEX experiment is to identify the environmental 
conditions in which convective clouds can be stimulated to grow larger, = 
earlier, and last longer through controlled seeding. Two types of cloud- “seeding an) 
2 which may be employed include the addition of condensation nuclei and fi reezing 
nuclei. Consequently, this additional growth of the cloud allows more water 
7 to be processed longer and more efficiently than woul have cosets naturally. 7 


us? 
Prior to the series field experiments each spring, an "operations 
plan is devised which sets forth the procedures to be followed when cloud-seeding 
activities begin. In addition, this plan specifies the work of each organization 
participating in the field exercises and assists program administrators in ensuring " 
that all of the work performed i is closely coordinated bese bose 
HIPLEX Contractors de 
Following is a description of the activities of the participants in the Texas 
HIPLEX program, as well as an explanation of how these activities fit into 
_ The State of Texas.—The Texas Department of Water Resources is Charged 
by Chapter 18 of the Texas Water Code (formerly the Texas Weather Modification s 
_ Act of 1967) to regulate weather modification activities in Texas. Chapter 18 — 
that the Department promote research and development in the 


ver 


4 
 Funpinc 
— | 
the Bureau eClamation and the state Of lexas. Using available Federa 
 __and state fund be Texac Denartment of Water Resources has contracted with 
q 
| 
— 


100 MARCH 19810 

field of weather To this end, the s agency, 
the Texas Water Development Board, , entered into the 1974 Agreement with et 
the Bureau of Reclamation to cooperate in the HIPLEX Program. = 7 oa 
_ Under the terms of this agreement, the Department contracts for services 

‘= in support of HIPLEX. The contractors and their respective work programs ~ 

= * The Department obtains advice on all matters related to weather modification :. 
‘through the Weather Modification . Advisory ry Committee, which consists of 
five members—an atmospheric scientist, a legal authority, an ‘engineer, a 
. Department operates a meteorological facility at Big Spring Municipal a 
Airport (the base of HIPLEX field operations) to provide on-site forecasting +4 
support services for this cloud-seeding experiment. Surface and upper-air weather * a 
data are analyzed by an “experienced Department meteorologist, and from these ae a 
4 analyses forecasts are prepared and issued during the field operations phase 

_ of the program. The field operations phase typically extends for two or three es 
months during the late spring and summer. The on-site meteorologist also 
contributes to the performance of HIPLEX program objectives by thins 
"photographs of clouds, making weather observations, and conducting studies 

Te evaluations of the forecasting technology used in the HIPLEX program. 


~ 


_ Another Department meteorologist serves as manager of the field operations. oH 
_ Avery important aspect of the Department’s work is to evaluate the potential 


benefits of weather modification to the state. Specifically, studies 
are in progress to determine how much economic value can be expected from 
a controlled increase in rainfall and who will realize the benefits. The initial 
_ phase of the comprehensive evaluation deals with estimating the value of additional 
crop yields resulting from additional rainfall, with the direct effects realized 
_ increases in income to farmers. A second phase of the study describes the 
= of additional rainfall on rangeland forage production, the effects of that 


4 


forage production on the livestock industry, and the impact of that ~noteee ; 
production on the economy of the area. A third phase of the evaluation focuses a 
on effects other than agricultural, with emphasis on the effects of increased — 
rainfall on the level of municipal and industrial water supplies and water-use 

4 patterns of the recreational use of arearreservoirs,§ its 
Colorado River Municipal Water District.—To ensure the optimum concentra = 
tion of artificial ice crystals in clouds determined to be likely candidates for 
rainfall stimulation, the cloud-seeding agent must be placed in the cloud in 
the right amount, at the proper location, and at the appropriate time. Placement ¢ 

of the artificial seed (silver iodide in the HIPLEX Program) in the cloud is 
accomplished with aircraft especially equipped for cloud-seeding purposes. i 

at Under contract with the Texas Department of Water Resources, the Colorado i 
River Municipal Water District provides two aircraft (a pressurized Navajo and ~ 
a Piper Aztec) that are equipped with silver iodide flar racks. Flares, when 

dispense the cloud-seeding agent as the aircraft flies either 
above, or at the base of the cloud. The pilot of each aircraft is advised of 

the area where suitable clouds are likely to be found by the Chief Scientist a y 
who uses radar to determine the location and intensity of developing thunder- 2 
storms. In addition to performing cloud-seeding activities, the aircraft also serve 


as airborne measurement a variety of collected with special 


) | 
if 
| 


‘ _ The District also provides the services of a radar meteorologist, who operates 
an FPS-77 radar unit at the Big Spring Municipal / Airport in support of HIPLEX > 
addition to providing aircraft, the services of pilots and a radar 
a or the conduct of cloud-seeding activities, the District also monitors an extensive 
--Retwork of recording rain-gages for the collection of rain-gage data. These gages — 
are strategically located throughout tI the Texas HIPLEX study | area to furnish — 
for determining when, where, a and at what intensity r rain fell within the 
_ Also, as a part of the Texas HIPLEX program, the District operates a 
fawinsonde unit from the operations center at Big Spring Municipal Airport. 
“ The rawinsonde unit consists of a balloon-borne package which transmits upper-air — 
data (Pressure, ‘temperature, and relative > humidity) as it rises aloft, to 
ground- -based tracking antenna. Wind speed and direction are computed at at selected . 
altitudes. Rawinsonde data are used for planning the daily cloud-seeding opera- 
7 _ tions by providing a real-time view of the vertical : structure of the ; atmosphere 


well as for analysis and evaluation purposes. oP 
Meteorology Research, Inc.— —Meteorology Research, _ Incorporated (MRI) 
operates a Navajo cloud physics aircraft to collect and | ‘process certain data 
in accordance with procedures established by the Bureau of Reclamation. The 
MRI Navajo provides data on ice crystal concentration and liquid water content 
measured within selected clouds. On-board data processing equipment allow allows 
project personnel to be informed of cloud characteristics in real- time. eRe mr 
a Texas Tech University. —The weather radar system is one tool the meteorologist | a : 
uses to ) observe the location and concentration of liquid v water and ice particles — 


q in convective clouds. MSA sexs} Mad 7 


One of the objectives of the HIPLEX program is to utilize radar to examine “ 
the precipitation characteristics within convective clouds. Radar meteorologists — 
_ of Texas Tech University (TTU) operate a 5-cm Skywater radar system, which 

is located at Howard County Industrial Park in Big Spring, as part of the 

_ observational network supporting the HIPLEX program. The Skywater radar | 
unit, on loan for use in the HIPLEX program, is the property of the = 


_ Data from this radar system are used to estimate rainfall rates from convective 


clouds, and ir in addition, the radar permits t the determination of the characteristics 


4g _ Data gathered by the radar system are recorded digitally « on Sa tape, 7 
4 displayed on a color tube and photographed using 16-mm color film. These ft 


(6) total rainfall characteristics; area rainfall estimates; and i (6) area rainfall 


‘on yn cloud tops; (3) organizational characteristics; intensity and area variations; 


The availability of photographs taken by meteorological satellites, orbiting — ks 


many s above the the s the atmospheric scientist a 
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view of the behavior of interacting cloud ssensia'ah over the Texas high plains. 
Asp ‘part of the Texas HIPLEX Project, meteorologists at TTU examine 
photographic i imagery from the Geostationary Operations Environmental Satellite 
(GOES) to determine the relation of individual clouds and cloud systems to 
r =— synoptic patterns and atmospheric conditions. These satellite photographs 


Researchers 2 at ‘TTU are analyzing | the GOES photographic data” in 
of recognizing from the satellite viewpoint the typical cloud features and processes 
that are active over the Texas HIPLEX site. These data will permit the TTU ; 
_ meteorologists to monitor the behavior of interacting clouds to determine if 
cloud merger leads to significant vertical growth | of the in the study 

Radiance measurements. ‘from the GOES satellite will, permit the TTU me- 
- teorologists to determine a number of physical cloud properties, such as the 

_ height of the tops of the cloud systems. Furthermore, it is hoped that these 

radiance data wili reveal the phase of the water substances (e.g., ice, liquid, 

or a mixture of both) \ which constitute the uppermost portions of these cloud ; 

Using rainfall data collected by the specialized Texas HIPLEX recording 

rain-gage network and by the standard weather-observing network of the National 

_ Weather Service, TTU scientists are developing a precipitation climatology for 

the Texas HIPLEX region. Data having as fine a resolution as 15 min are 


analyzed to | determine the and areal extent of ‘Tainfall 


‘Texas A&M University. —By contract with Texas A&M (T AMU), 
4 the | Department is Provided w with the ‘Services of a chief scientist. The “chief 

4 

that these activities contribute to HIPLEX program objectives, 
_ The Bureau provides in addition to the Skywater radar system, a network at 
_ of 25 fully automated surface weather stations that measure wind movement, SY 
~ temperature, pressure, humidity, and rainfall at strategic points within the Texas — ~i 
HIPLEX project site. These stations record weather data at 5-min intervals, 
then transmit the data each hour to the Bureau’s computer system in Denver 

by way of an orbiting weather satellite and a ground-receiving station on the — 
Atlantic coast. The virtually real-time data enables the project forecaster to es 


quickly analyze developing weather conditions and predict more the 


were installed and maintained by the "TAMU « contingent with technical advice 
and assistance being provided by the Bureau. 
Zz Convective cloud systems (the principal source of rainfall i in the high plains 
of Texas during the spring and summer) usually are relatively small in size, 
— $0 km or less in diameter and thus ‘“‘mesoscale” in nature. Mesoscale cloud — 
systems cannot be studied effectively using conventional upper-air data which | 
are collected by a much larger scale network. A study of these cloud systems — 
= a special me of data collection to ascertain how, where, and when 


— 
) 
if _ to the types of rains which can be expected from various storm systems that . 
| a] 


_ measure the life history of these naturally formed clouds, ied information 
such as periods of existence and rates of growth. , ai 
4 Meteorologists in the Department of Meteorology at TAMU are endeavoring . 
to meet this need through a program of collecting and analyzing mesoscale. 
- data. Since 1976, part of the experimental phase of the Texas HIPLEX program 
has consisted of a concentrated effort of several weeks duration to study the a 
Organization of mesoscale cloud systems and to examine the interactions between 
M4 cloud systems and between the systems and the environment. Among these 
‘parameters are temperature, moisture, pressure, and wind speed and direction. a 
ay _Arawinsonde network operates within the project area and probes the atmosphere 
as high up as 19,000 (about 62,000 ft), thus enabling the development of profiles — 
of the atmosphere for any desired period of time. 
‘The mesoscale data gathered during the field programs | are processed and 
_ analyzed by researchers at TAMU between field operation s seasons. It is expected 
that an analysis of these data will shed light on the localized processes in the 
atmosphere that are responsible for the te and growth of thunderstorms © 


_ In addition to the mesoscale study, scientists | at TAMU analyze radar film 
of the Texas HIPLEX region for the construction of a ‘“‘radar echo climatology.” = 
This climatology provides information on the size and times of occurrence of ‘4 
radar-detected storms that develop in the region during the cloud-seeding season, 
as well as the duration of the life cycle and the speed and direction of movement | 
of these ‘‘echoes.”’ If previous occurrences of storms in the area can serve ; 
as guidance for what is likely to happen in the future, ‘then this climatology 
will be very useful in determining when and _where cloud ‘seeding should 7 
_ performed. Furthermore, the study of radar echoes associates their occurrence _ 
& certain atmospheric conditions such as cold fronts and low-pressure storm > 
“centers. This aspect of the in the of occurrences of 


Through a considerable ‘on on the weather 

“the Texas high plains has been collected and analyzed since the commencement 
(Of field measurements in 1975, more experimentation, particularly in the 4 


of seeding mechanisms and cloud behavior, is needed to remove the : uncertainty 
about the potential of weather modification for increasing ‘rainfall. The goal 
of the HIPLEX program is to learn how cloud seeding can be employed efficiently, _ 7 
economically, and on a socially accepted wae, to increase a in 


water- short areas | of the the high plains region. 


Although much has been learned about cloud ‘behavior before and : 


controlled seeding and the radar equipment used in 3 yr of the 4 yr reported 
on has been twice upgraded, resulting in much improved reflectivity measuring, 


collecting, | and cataloging techniques, the data ‘set is not extensive enough to o 
7 yield statistical significance. The natural variability of rainfall in the project — 
¥ area often is 25%-40% greater or less than the historical average, on an annual 


| 


of the statistical significance of 


eer to overcome the noise. In the meantime nonstatistically significant — 

measures, such as favorable crop response and increased annual rainfall averages 

must be relied upon for encouragement to continue the HIPLEX program. Until © 

statistical significance can. can be Refs. A, and 10 address these 
two measures. 


Without the expert technical assistance of George Bomar and Tom Larkin, — 
professional meteorologists on the staff of the Weather Modification 
- Technology Section, Texas Department of Water Resources, this p paper could 
not have been produced. Their assistance is gratefully acknowledged. Bob Riggio, © 
another professional meteorologist in the Section, reviewed the manuscript and | 
made many valuable suggestions which were incorporated therein. Bi steht. 
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| _ basis. under these conditions, a determination 
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PLANNING 


resources planning and management in the southeastern United States as 
- documented in the 1975 National Water Assessment. . This evaluation also is 
_ intended to draw upon the recommendations, as they may have been realized, 
from the United States Study Commission on | Southeast River Basins, as they 
are contained in the 1963 Plan for Development ¢ of the Land and Water Resources _ 
Of the Southeast River Basins, 
The Second National Water Assessment of 1975 for the South Atlantic- alll 
2 ‘Water Resources Region, concerned with specific problem analysis (see Fig. 
2), in general terms, points to an overall well-balanced supply demand ratio 
& for water. One would expect such a conclusion in a region having from 41 a 
 in.-803 in. (104 cm-103 cm) of average annual rainfall where most streams drain ry 
_ from the highest mountain elevations, through the foothills, and continue to ‘ 
_ the sea in river basins that are quite parallel, and generally — from north-north- _ 
a However, there are some sharp s seasonal variations in oun areas that point 
toa petiodic lack of supply to meet demands. It is also” true that demands — 
often neglected where supplies are inadequate for development. ‘In such 


on 
The | purpose of this paper is to provide a general status report on = 


_ cases, economic growth is restrained and social well-being is under stress. a 


t “Presented at the October 22-26, 1979, ASCE Annual Convention and — held 

A i. Executive Dir., South Carolina Water Resources Commission, , P.O. Box >. Box 4515, 3830 

Forest Drive, Columbia, S.C. 29240; also Chmn., Southeast Basin Inter-Agency Committee; 
3 First Vice Chmn., Interstate Conference on Water Problems. 


Note.—Discussion open until August 1, 1981. To extend the closing date ‘ae eae, ok 
_ a written request must be filed with the Manager of Technical and Professional Publications, — hl 
: ASCE . Manuscript was submitted for review for possible publication on December og 
1979. This paper is part of the Journal of the Water Resources Planning and Management 
Proceedings of the American Society of Civil OASCE, 


li: ‘STATUS OF SOUTHEAST RIVER BASIN 
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Srecinc Prosiem Areas 

5 Specific areas where severe problems have i identified (and suggested — 

for more in-depth study), according to the South Atlantic-Gulf Water Resources 

in the | ‘Water Assessment of 1975-2000, include: 
1. Water Cinadely Fresh- Surface—(a) Chowan-Lower Roanoke in southeast- a 

> Virginia (Hampton-Roads Portsmouth); (b) north central North Carolina: 


U.S. WATER RESOURCES COUNCIL 


A bes SCALE 1:8,700,000 = 
vis 


highly areas of Winston-Salem, Greensboro, High Point, Burlington, 
Raleigh, Chapel Hill, and Ashboro; (c) southeast North Carolina: six counties 

in the lower Cape Fear Basin; (d) Saluda Subbasin: a highly industrial corridor 
along Interstate 85 through northern South Carolina; (e) Apalachicola-Chattahoo- _ 
Flint (Atlanta Area): expanding population industrial 


SOUTHEAST RIVER BASIN 
i in 1 the Atlanta met metropolitan area appears to have reached a crisis unless 
additional water supplies can be obtained outside of the basin or by redesignating — 
the use of waters from a Federal hydro-electric reservoir (Lake Lanier); (f) . 
i _ Black Warrior-Cahaba in Alabama: interbasin transfers are seasonally =< 
; ~ extremely low flows; and (g) Mobile and Pascagoula: high water demands in — 
competition witha single source. 
a 2. Water Quantity, Ground—(a) Franklin Ar Area, Virginia: serious over-pumpage _ a 
~ lowering water tables and increasing chlorides in ground-water aquifers 15 miles _ 
"a (24 km) away; (b) Beaufort County Area, North Carolina: ground-water with- 7 
drawals: to accommodate phosphate dry open pit mining has lowered the __ 
 piezometric surface over an area of more than 800 sq miles (2,072 km’); (c) 
Suwanee and Apalachicola-Chattahoochee-Flint (southwest Georgia): | heavy 


PRINCIPAL RIVER BASINS] 
j FIG. 2.—Principal River Basins 


ground-water withdrawal for municipal, industrial, and 


+ in limestone aquifers causing ground subsidence in south Georgia and northern 
A Florida; and (d) Tombigbee in Mississippi: pooly eatin aquifers could be 


“the Yadkin-Pee Dee in North Carolina and South Carolina; Catawba- Beiad — 


6G South Carolina; Lower Chattahoochee and Atlanta Metropolitan area in 
Georgia; the Coosa i in Georgia; and the upper Pearl i in Mississippi. (For a map | 


— this point, the cities and areas of concern are but a few of a much longer ara 
list given in more detail in the aforementioned report. ‘However, short 


= 
_ Ss 3. Water Quality, Fresh-Surface—five major areas cited for fresh-surface noe 
4 


7 a The agricultural droughts of 1977 and 1978, which were widespread in the | 
ay southeast, appear to have prompted an accelerated and dramatic turn to agricul- — Ta 


tural irrigation. . At this Point | in time, _ Statistics are now available 


expansion can be found in South Carolina, \ where the acres s of irrigated land 
have doubled each year since 1978. However, as a hypothetical example, Ss 
200-acre (0.809-km”) tract receiving a total of 6 in. (15 cm) of irrigation “e 
intervals in. one season), converts to 100 acre-ft of water or 33,000, 000 .. 


ingle 
2 domestic supply of 200 gal (760 L) per 24-h day for 75.3 yr. pet: Ret es Bn 
a. Technical advances of fe ered by a central pivot irrigation system, while carrying 
a high initial investment, appear to solve high labor costs when compared to 
earlier designs requiring the the movement of supply lines by hand labor. Rae 7 
_ Agricultural droughts spell disaster. In fiscal year 1978, the Small Business 
Administration Farm Disaster Loan Program approximated 1.8 billion dollars 
loaned to nearly 50,000 farmers. A vast majority of these loans were drought- | 
7 related. Farmers, when it is feasible, are seeking remedies for such losses; 4 } 
a expanded irrigation in the southeast appears to be a most popater choice, when = 
it can be afforded and when water supplies are available. — oe > 
Notunlike industry or minicipal waterworks, farmers are seeking ng water supplies 
at the lowest cost over the shortest pumping distance in quantities to meet = 
; their needs. Consequently, both ground- and surface waters are being used. 
‘However, comparatively speaking, municipal and industrial water demands 
J generally follow a rather straight line, on an annual basis, , whereas a , 
It would be wiser for ion and management to smemmened this vital use 


ies 
_ Water resources, in poner terms of national concept, are no ne a 
i _single-purpose resource. Water is perhaps the most versatile of all natural 
resources adaptable to many beneficial uses for social and economic well-being. 
_ Contrarily, water is a resouce that can, and often is, rendered useless, or 
d nearly so, by poor management practices. This misuse appears in the form _ 
of lowered quality which relates to contamination from toxic wastes, une e ] 
sediments, and excessive water-oriented vegetative growth, ground- 
"water over-pumpage, salt-water intrusion, poor well design, construction, a 
4 management. These are but a few of many hazards leading to a lack of beneficial — : 
‘past two decades have ‘teflected eras of constant change and technical 


| 
| 
application in approx 24 h. Extended further. this dails equivalent could provide 
| 
— 
| 


‘Until the 1970s, it was not unusual to find 
4 such as those for hydrogeneration or other single purposes. Multipurpose projects Pd 
as authorized today include benefits for local water supply demands, recreational 
facilities, and fish and wildlife enhancement except as a natural event. 
The multiple- -purpose maximum beneficial use concept appears to be emerging + 


as a national policy. The plan for the Upper Savannah Basin developed by 4 
7 the United States Study Commission on Southeast River Basins, published in 
1963, detailed a long-range concept for the development of land and water 
a resources to extend to the year 2000 and beyond. Among many multiple uses 

_ Suggested in this plan, generation of electric energy was one of magnitude. = 
The report details a gross of 804.6 MW being generated by hydropower a a 
of 1960. Of this capacity, 282 MW were being generated at Clark Hill onal q 
_ and 330 MW were being generated at the Hartwell Project, then under construc- : 
tion. These capacities reflected most of the power generation in the Savannah 
Basin upstream from Augusta, Ga., to its headwaters. 
_ Since 1960, on this same reach, hydropower has been added at Keowee (140 
MW), Jocassee (610 MW), Russell (under construction with 300-MW hydropower 
and an additional 300-MW capacity with pump storage operation), for a potential — oa 
total of 1,350 MW. That’s not all—the Duke nuclear generation at Oconee > a 
adds another 2,661 MW, requiring about 13 mgd of make-up water for cooling *) 
4 Thus, a combined current, or potential electric energy supply, or both, of — 
_ 4,815 MW is nested between Georgia and South Carolina in a stretch of the 
Savannah Basin system approx 150 miles long. majo 
_ Perhaps, and most likely, the team of expert planners who extended the 
: _ Upper Savannah River plan of development could nor foresee the energy cinch 
of the late 1970s. The projections made in 1963 assumed an annual load growth 
rate of about 10%. However, by design or luck, the 19-yr span just elapsed a 
‘points: to some oasis of comfort in that this phase of energy Coveepmens is 
- near completion a at a time quite critical to the national energy dilemma. 
i It should be carefully noted that these developments have, for the most part, 7 
excellent recreational facilities, controlled floods, provided low flow 4 
limitations (if not augmentation), enhanced the fish and wildlife — : 
and in some instances, increased the tax base: from investments on lands adjacent 
While most of this writer’s views on this point are on the plus side of the 
_ Jedger, there remain several thorny areas not fully reconciled at this time. The 
question of an assured water supply above project design demands, when not 7 
7 a project purpose, remains a subject for negotiation between the Corps of 
7 in early 1981, could enhance future economic and social growth. There is no 0 
argument that the water in these reservoirs is a key to the future growth of 
* the region. State growth policies cannot be pursued wenhout ¢ access to and use ae 
of this tremendous resource for water supply purposes. 
New Era ron Water 
d ‘The past decade and a half has been dedicated toward numerous national 
efforts in rural and urban settings. 


i j 
| 
i 
| 
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surface water al groundwater, and ‘the issues of quality a1 and Guautley, have 


not been overlooked even though there remains large data-base gaps in groundwa- 
ter and less frequently, in surface water. _ 


under consideration. The present Administration announced this | ieehep in fie 
Water Policy Address of 1978. In generating a ‘‘new water policy,” there has 
been, perhaps, more confusion than direction which would allow us to move * 
toward resolving water resource problems from a state’s point of view, especially = 
in the Southeast. There is absolutely no disagreement with the theory that the — 
“states have the ‘responsibility and should develop” and deliver ‘their own 
water policy. 
western states where the doctrine of prior appropriation is the oe,! as opposed 
to the riparian doctrine of the states of ths Southeast, East, and Northeast. _ ab 
4 In the Southeast, while there is an abundance of water, it is not always 
_ well-distributed. It has not been used to its highest potential. There are reasons j 
to believe that if there is economic growth in an economically-depressed area, . 
then one of the most important and greatest attractions will be water for nS 
manufacturing, energy, and all purposes, including, but not limited to, a aang 
defense program forthe United States; 
_ This writer is not very impressed, and neither are many state officials, by 
_ the so-called ‘‘front-end money”’ to be paid in cash by the states on all Federal a 
projects. An example of the proposed 10% cost- -sharing r requirements to be z 


required of the states involved in Federal water project construction, is with 
the Michael B. Russell Project. Georgia and South Carolina were asked to 
_ contribute * “up front’’ 10% of the $70,000,000 authorized for pumped storage 4 
facilities. In order to to gain a sense of consensus, if a state agrees to to ““front- end 


‘The State has to assure appropriations to match those which ane le 
_ come from the Congress. It is generally true that one legislature cannot bind q 
another. In the whole process, if you can imagine coming to an agreement 
_ a stream common to two states, with two legislatures i involved and, later, - 
the Congress as well, it could reasonably take an many as 20 yr to authorize 
and fund a water project. The hazardous course doesn’t stop there. Projects _ 
may be challenged in the courts. Further, I can see where the ‘‘front-end money 
_ process,”’ though these problems, could be very slow. It is a process that could 2 
be nonproductive and extremely expensive; in n addition, we could Spend — 


all over our r country even now. I think ‘the states have felt, for the most part, « 
that if their investments were to be fruitful, they should have an at least equal 
if not greater return than the Federal government if we are going to “‘sell need 
resources” on this new kind of market. 

The Southeast water supply-demand ratios, I repeat, are good. 
the decades ahead will demand careful management and long-term decision 
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of transfer in water- to local communities. We must 
improve our methods and technology in well design, location, and construction. — 
We, in the Southeast, must reevaluate our surface water systems to assure 
that they are not coming under stress—victimized by piecemeal planning. 4 ey 
Importantly, the political climate, in general terms, must be realined with 
“respect to water law. We cannot afford to continue “‘business as usual.”’ We 
must seek and support new institutional arrangements within our state boundaries _ 


1 


The states of the southeast region could benefit from formal cooperation, 
such as was envisioned under P.L. 89- 80 with h the ° Title | I River Basin Commission Fo 
an excellent opportunity to: do so, since our water resources are not as developed 


: ‘The t time is now for people in your Profession and those in mine to lend 


pursuing effective water resource ce management where states share common water J 


bodies. SEBIAL cannot fulfill this role under its very limited charter. We have -: 


big job of | a growing southland is one of ‘catch- -up,’ in ‘onder to assure a 
brighter future. There is an apts Par for each of us if we are —— 


review 
part of he Jouren) of the Water 
hogs ut the af 


> _ of geologists and engineers who are intellectually solid in the science and practice ' 
| 
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WATER RESOURCES 
PLANNING AND 
MANAGEMENT DIVISION: 
GROUPS AND ENVIRONMENTAL Goats* | 


working i in the areas of water-quality, trenapertation, or 
“ae frequently are required to solicit public opinion throughout the course 
of their work. Despite the importance of citizen participation it is a work element 
, ‘that proves to be a troublesome part of many studies. Frequently the mechanisms ‘ 
_ that presently are used to elicit public response have failed to generate broad 
interest in a project. What public input is stimulated is often poorly articulated a 
and not received 3 at a time when it can n best affect the course ah a study. wea 


eee are to continue dealing with large- scale projects that use use F ederal dollars E 
and affect large numbers of people. One approach that could improve both 
ip the quality and usefulness of public input is the greater use of organized citizen 7 
groups. The use of such groups in a structured way would overcome a number - 


public-participation aspects of pear studies, and suggest ways in 1 which » 
ae" these problems may be overcome. If the suggested approach of working with 3 
citizen groups proves successful, it will both ease the task of preparing studies — 


_and increase their public acceptability. toda Gardai 
Neep ror Cmzen InpuT are in organize! = 


__ While many professionals yearn for bygone days when engineers were consid- — 


ered e experts qualified to establish environmental and social goals, it is clear { 
“Presented at the October 22-26, , 1979, National Convention, held at Atlanta, 


Dir., Valley Watershed nasi Morris Rd., 
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technicians. On the contrary, the list of technical fields in which citizens are _ 
demanding a a voice ; continues to grow. Nuclear energy, , despite its highly technical — 


e. nature, is just the latest addition to the list that lready includes such items 
‘The public can also claim the support of their government. ‘Anyone who 
doubts that citizen involvement in public sector technical projects is here to 
a stay need only look at the draft of the public participation guidelines for 


od transportation and air- quality planning that were recently published jointly | by 3 


that the public not abdicated its decision-mal -making sole in hing tele in fever of the the 


the U.S. Environmental Protection Agency (EPA) and the Uz S. Department | 
Transportation. The guidelines (2) state the policy 
_ public participation will continually be be provided for, encouraged 2. . 
assisted to the fullest extent possible . Public information | 


2 process. Responsible agencies should seek : and consider the» views s of ea 
wide spectrum of affected interests. jew gett 
The document is quite expansive in its definition of the public that is to be © 
_ included in the decision-making process. It (2) states stor 
-. .. the public is not only the general population but also a collection _ 
of constituencies each with varying interests and concerns. . . As used 
in the guidelines, public refers to those interests concerned about clean _ 
air and likely to be affected by the implementation of transportation control 
_ Measures. In any given area for any particular measure, these constituencies 
could include consumer, ., public health, environmental, civic, neighborhood, 
_ minority, labor, trade, commerce and industry, and of course, individual 
4 It is significant that these guidelines are the joint product of two Federal 
agencies. Added incentive for taking these guidelines Seriously is that grant 
holders who fail to meet the requirements could have funds cut off within 
60 days. ‘It is likely that although these guidelines were formulated for air-quality 
pe are reflective of what EPAs attitude will be toward many other 


types of environmental work. 
a Many engineers and planners groan even at the thought of involving citizen Se 
4 groups in the ; study process; but public participation is a justifiable exercise. 
When dealing with environmental goals one is working in an area that by its 7% 
very nature will affect the surroundings in which people live. One is dealing 
with health and quality of life; surely the affected persons should have a say 
a” _ Anyone who has been through 2 a 201 « or or 208 water-quality ‘study has ai an extensive 


have also. successes that came about largely because of citizen 
_ involvement. In Philadelphia the depth and seriousness of the consideration 
_ given to land treatment of sewage was the result of agricultural, open space, 
- and environmental groups’ pressure on the 208 study consultants and lead agency. 
the was billed as ey a water- effort, open space 


4 
q 


and environmental viewed | land tre treatment as not t only a ‘sensible. way 
; - deal with sewage, but also as a way to meet non-water-quality objectives | 
such as preservation of open space and 1 maintenance of -ground- -water levels. 
that land treatment was, in fact, the most appropriate. ‘option in ‘some 
(1). This same pressure was felt in other parts of the country as well - = 
‘ s Highway design has puedesed some of the most bitter confrontations between aad 
_ citizens and technicians. The country has undoubtedly paid a price for this 
participation in n the form of delayed and more expensive construction. Yet, 
4 some good things have come out of the struggles as well. Again Philadelphia 
provides an example. Those traveling route I-95 through that city will notice 
* a that a portion of the highway is not only below grade level, but is enclosed. 
a _ The highway actually has a roof on it and on the roof is a park that links +. 
: a one of the city’s loveliest, but formerly most rundown sections t to a renewal 
 -project along the waterfront. An interstate highway | with a park on it is not 
an option road designers normally put into their cost-benefit analysis. In this’ 
case, however, the enclosure option was considered and constructed following 
_ strong local pressure toward that end. What is more, the project has had strong ‘a 
positive effects both in the form of recreational benefits and in the impact — 
_ it has had on the revitalization of Philadelphia’s historical district. Again, it eo 
: represents an instance of the setting g of multiple objectives a as a result of local 
_ involvement. It is the type of decision-making which, after the pain of confronta- 
- tion has disappeared, will undoubtedly be viewed as foresighted and beneficial. Fe 
One technique for overcoming some of the: problems | of dealing with the 
- public i is the increased use of citizen groups—organizations of people who on — » 
their own have banded together to achieve some goal. These groups generally © 
focus on such areas as environmental protection or neighborhood improvement. 
> They have a governing body such as a board of directors, often are incorporated, : = f 
and communicate regularly with their members. Some, but not all are tax- exempt 
_ organizations. Civic associations, watershed associations, and historical societies | 
= examples of such groups. Excluded from the definition of citizen organization — 
as used in this paper are bodies organized by public agencies or their consultants — 
__ If properly selected so as to be capable of performing the tasks desired, — 
citizen groups can be a boon to planning efforts. Certainly they exist in abundance. — 
¢ represent a broad spectrum of interests. In addition, many groups oan, = 
staff persons with technical backgrounds who are capable of understanding ~ 
complicated subjects and articulating issues to their members and to study 


__ So, the question is is not whether citizen participation is valid (it is) or necessary > 


done better with greater participation and with less nn Certainly — 4 
_ participation often has not been done very well in the past. Too many planners" a 7 
_ and engineers frequently attend public meetings at which staff attendance exceeds j 
the attendance by the public. In addition, those working on nae sector ‘tor projects - 


are painfully aware of the ‘ ‘wait-until- the-en -en iit where no one shows 
: up until the last meeting at which time poopie surface from everywhere a " 
_ explain where the study went wrong. These same individuals usually spend 
half the meeting asking for explanations of issues which were routinely covered _ a 
in public forums during the preceding two years. Finally, they become exercised ay 
- about the consultant’s refusal to listen to and work with public comments. 
These are symptoms of acommunication failure. = — | 


It is probably in the area of communication that most citizen groups = A 


group such as the Sierra Club, regularly ‘communicate with their membership, | 
4 usually through a newsletter. The people who read these publications are generally _ 
knowledgable and interested in the areas in which the groups specialize. Members b. 
<7 of environmental groups, not surprisingly, are concerned abovt water, wildlife, — 
and the preservation of natural resources. Hunters too are knowledgable about 
k open space and preservation. The League of Women Voters tries to keep its 
1 members informed about a broad array of topics, 
s One of the biggest advantages of communicating with citizens through the 
aeons of the organizations to which they belong is they are likely to view 
- . the material presented in a more positive light than they would if it came from 
other sources such as a newsletter prepared just for the study. In most —_— : 
- “group members have contributed money to the organizations. They do this engl 
_ they believe in what the group is doing or what it stands for. But most importantly, | 
they approach the group with a feeling of trust. Anyone who communicates 
with people through the newsletter of their favorite group is bound to wanem = 
the trust and positiveness people feel for their favorite cause. 
_ Secondly, technicians trying to establish environmental and social objectives 
a 
_ can address a far larger audience in a meaningful way than they can through © 
_ the standard public-participation channels. Most groups that an agency would © a i. 
o working through have memberships that range from several hundred to several ng 
thousand people. The likelihood that these people will read and retain what A 
is in their organizational newsletter is far greater than it is that they will read 
a press release printed in the local newspaper. Also, the likelihood of someone 
reading a newsletter is much greater than the probability of getting him to ; 
= hosting ny organizing of public meetings is, however, another area where a 


citizen organizations can be an effective adjunct to a public-participation program. 


large numbers are relevant here too. Citizen groups need not be restricted to 


Many of the same factors of trust, attentiveness, and the ability to address 
meetings — only outs members, although they probably = 


If one envisions that as the group’s primary role, the effort will probably antl = 4 


down during the study. By that time, the organization will undoubtedly have _ 
formed opinions of ‘its about how the plan should be done and there must 


) 
4 
4 
q TO pubue at large. Again, this ought to produce better COmMUMICa- 

tion than exists between the public and an engineering consultant or a government. _ 
- 3 Communication should not be one directional. Most citizen groups will not 
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be an outlet for these views. is addition, if local groups are not asked to formulate 

opinions, a great resource is being wasted. _ i 

th order to meet the mandates of true citizen participation, to keep citizen ) 

groups in the mainstream of the study process, and one hopes not working | 

against the plan, and to get a coordinated response from a large number of * 

oy groups should be asked to identify important issues for the study and > 
_ to suggest objectives. The way in which this is done is of utmost importance. e 


Procedures for establishing consensus must be explicit and understood by both 
the study consultant and the citizen organization. Background reports, a series = 


_ of workshops, a poll of the membership, and the establishment of special 
committees are all possible approaches. The two things which must not be 


- will have been the involvement of far more people than normally is the — 
a (2) there will have been meaningful two-way communication with these people; 
_ (3) groups of people will be better informed about the pertinent issues =. = 
_ they would have been otherwise (just the participation in the objective-setting _ 
d effort will mean that some of those involved will have ovens and thought about | 
the subject fairly extensively); (4) numerous individuals — will be woven into 
the study process early in the game, an effort which one hopes will reduce 
the number of people suffering from the end-of-the-study syndrome; (5) perhaps i, 
most importantly, the study consultant will have a concrete statement of the 
pute of the groups involved. This is a rarity for most planning efforts. More 
_ commonly, one has only the minutes of a rambling and disjointed discussion _ 
at a public meeting. Decisions or well-articulated statements at such events — 
are not the rule. Inevitably, there will be conflicts among the object sets proposed 
; _ by the various groups, but at least the clear statements can be a starting point oa) 
: _ The last role which should be considered for some citizen groups is involvement -j : 
in the preparation of the technical plan itself. Of necessity, this would be a 
ne _ limited participation. Nevertheless, it could sometimes be very helpful. As was 
- noted earlier, many citizen organizations have a small staff of professionals 
_ who are technically competent in some fields. Citizen groups also often have 
= to real expertise among their membership. They frequently have oem f 
_ which are not available elsewhere and they usually have very good local contacts. 
a used properly, these attributes can be an asset to the study. In addition, 
an involves the group in the study, thereby generating within the organization oe | 
a feeling of being associated with the project. This involvement may help to 
keep the group in the camp of the study’s supporters during the course of 
_ the project. ood ov ad tones wo 
_ In the past, most citizen organizations have enjoyed a favored status. They | 
have been invited to attend public meetings, respond to questionnaires, and 
comments. They have considered it their to do these things. But 


been involved, then several important things will have been achieved: (1) There 


‘much as possible, actually represent the Membership. It cannot merely be the 
Opinion of the executive director or the organization’s president. If this happens, =n 
AS one may have coopted the organization, but one has not achieved citizen input, — P| 


public a agencies should demand results. Obviously, ‘this is a markedly different 

kind of relationship with these groups than has existed before, and it demands 

a different kind of institutional arrangement as well, ° 
Essentially citizen groups should be treated as consultants. The organizations 

; selected to perform certain tasks, whether organizing meetings, holding work- : 


shops, ‘polling their members, or ree issues, ‘Should be hired for their 
work. should have a contract, 


7 and quality of information that is necessary for the study. While the product —_ 
under this consultant should be to that of the 


ania objectives. or in other parts of a major study. In addition, the ie 
vast majority of organizations, whether nonprofit or not, have a constant struggle = 3 
for money and even small amounts of income to offset the cost of their 
‘This arrangement may have legal and t tax implications for the groups. However, 
these can only be evaluated on a case-by-case basis. Factors to be evaluated — 
include: whether the income would be considered ‘‘related’ ’ or “‘unrelated”’ 
‘in the eyes of the Internal Revenue Service, and the amount of money involved. 
In some cases, an agreement which calls only for the reimbursement of the 


_ Technicians who intend to use citizen organizations in their studies should 
be aware of several caveats, bis 
1. Group selection is critical to the success of the effort. One must choose 
groups whose interests are relevant to the topic of the study. They should 
_ be fairly impartial and representative of their members. Most importantly, the as 
citizens organization should be well run, have a knowledgable staff or 


as 2. It is important to structure the study so that it is s relevant to people. This 

4 applies not only to subject matter, but goegeapiteniy as well. Individuals relate 
to relatively small areas, their streets, their neighborhoods, and sometimes, " 

wy municipalities. “Almost nobody identifies with a metropolitan area in a 


way which is useful for most studies. If one must deal in large-scale problems, 

: phrase the issues in fairly local terms and try to generalize from the answers. a 7 
_ 3. Be explicit about what is really up for grabs. Do not ask groups to take 4 
a position on issues they cannot affect. If certain objectives have been established ao 
legislatively, this should be clear. In addition, groups should understand and | 
‘frequently t be reminded of their true role in the decision-making process. Most ; j 
citizen groups will never r be more than advisory and my must now" who really 


[am €=Cti‘éiéthey:«énave:«ébecen afforded opportunity without the obligation to be thorough, = 
: q rigorous, and complete. More stringent demands must be made of these groups. =a | 
7 DP They should be asked to perform specific tasks and the study consultants or _ 
| 
) 


If you ask questions, be ‘Prepared to listen to the answer and act on it 
oaabnae, If you ask a citizen group if they wish their town to remain open, 
green, and sylvan forever, planners and engineers better know what action " 
Se, take if the answer comes back “‘yes.’’ The answer must be taken seriously. igh 
_ 5. Similarly, those working with cliéins organizations must be prepared to 
¥ olen suggestions from the groups on how some parts of the study ‘should 
be run. A certain amount of flexibility will be very helpful. 


<< One should remember that working with organizations in the ways ye diecwtees | 


iy % hosel isa supplement, nota substitute for the more traditional public-participation 4 


_ mechanisms. Citizen groups will provide useful information, but they are not > 
fi 


to gather information es help establish environmental objectives. By ‘using a 
_ these organizations as consultants, engineers can better meet both the moral 3 


: = for public participation and the standards established by government _ od 


agencies. However, the groups must be assigned specific tasks and have an 

; "understanding | of exactly how the task should be accomplished. = © ma 
"eo ae: Working with citizen groups as consultants is an approach which will | require. ae 
experience and practice to reach peak effectiveness. However, if used in a bY 

' ‘manner which is sensitive to both the needs of the study and the citizen group, — 
system shows promise the of many environmental 

studies. 
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co 2. “Expanded Guidelines for Public Participation i in the casinsiiinei -Air Quality Planning 

3 _ Process,”’ United States Environmental Protection Agency and United States Department 
of Transportation, October, 1979,p.2200 
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"PLAN NING AND 


Micuncan DIVERSION vor WATER ] 
coat par mew sent bet 


THe Cuicaco River ano Svere vote dings 
‘The water resources of the nation often are ‘called upon to serve erve several a 
; ‘purposes, not all of which are compatible. The problems that arise when conflicting © 
demands are placed on a body of water are often greatly compounded when 
the physical characteristics of the waterway are altered by man to meet new 
The Chicago | River and Canal System is an example of a natura waterway iB: 
_ that has been modified in order to serve several purposes. The s system is s managed — 
to provide a receptacle for treated wastewater, assure a navigable waterway, — 
‘4 and control flooding, while maintaining a quality of water = with public © 
Be and esthetic considerations. Design of the system permits significant 
\ = over the allocation of flow to its various tributary channels. Nevertheless, 3 
_ simultaneous satisfaction of the requirements of « each type of use coupled with 
“severe legal restrictions on the diversion of Lake Michigan Water Necessitates 
management of the system. 
The intent of this paper is to present a mathoniiloal programming procedure 
- that can aid in the management of the River and Canal System by determining _ 


the average monthly diversion r rates at each of three diversion points on Lake 3 


of water diverted directly from Lake Michigan necessary to maintain water 


a quality standards in the River and Canal System. The procedure involves 
formulating the problem as a flow network which can be easily solved by either : : 
_an efficient network procedure or its equivalent, discrete dynamic programming. 


s a ' Assoc. Prof., Dept. of Civ. Engrg., Univ. of Massachusetts, Amherst, Mass. 01003. _ ; 
? Project Mech. Engr., Flour Power Services, Inc., Chicago, Ill. 60606. Cal : 
Note.—Discussion open until August 1, 1981. To extend the closing date one , month, = 

a written request must be filed with the Manager of Technical and Professional Publications, 

ASCE. Manuscript was submitted for review for possible publication on August 24, 1979. 


en -og The objective of the procedure is to determine the minimum amount 


Division, Proceedings of the American Society of Civil Engineers, ©ASCE, Vol. 107, 
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"Formulation of of the procedure involves several restrictive assumptions; therefor eo 
best use of the methodology is as a screening procedure. 

_ In order to acquaint the reader with the River and Canal iia th a a brief 
description of the nyse setting, regulations, and current operation follows. — 
Physical Setting. —The Chicago River and Canal System is a unique network a ' 
which has undergone gradual development to meet various needs of the greater : 
Chicago metropolitan area. Fig 

wie consists of natural streams and man- n-made canals. 


bor! yo? 


wih i “er 
vadies yd FIG. 1 —Map of of Chicago River and Canal System oil? qpitnina 
canals: in the early part of this century resulted in a flow reversal in two of 
; the rivers. Water currently enters the River and Canal System from Lake = a 
at three points—Wilmette Pumping Station, Chicago River Controlling Works, 
Calumet River Controlling Works Brien Locks)— —and empties into the 


Zz is attributed to: (1) Leakage at the three diversions; (2) lockage at the 
Chicago River and O’Brien Locks; (3) a small amount of navigational makeup 
water; and (4) dilution: water added to help maintain water The 
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WATER QUALITY CONTROL Pst < 
Say while the dilution water is considered discretionary. Both 
_-- and nondiscretionary diversions provide relatively good quality — 
dilution water, but only the discretionary portion can be varied in response a 
addition to discretionary and -nondiscretionary diversions at the three 


controlling works, the system also receives storm water runoff diverted from é 


Ls the Lake Michigan watershed, and ultimately receives water drawn from the 
A 4 Lake for Chicago’s municipal water supply. The total diversion is thus a 
=< sum of direct diversions, municipal water -t supply, and stormwater runoff diverted 
from the Lake Michigan watershed. ameoed ead woll 

_ Three major sewage treatment plants” contribute effluent to the River | and . 
Canal System. Although the flows are large (350 MGD = 15.3 m */s, 870 MGD 
= 38.1 m’/s, 210 MGD = 92m */s), they achieve on the order of 85% to 
- 98% BOD removal. Nevertheless, Chicago has a combined sewer system, and 
when large storms occur the treatment plants are bypassed and effluent is 
- discharged directly tc to the system after chlorination. Such intermittent loadings 
contribute greatly to the generally poor water er quality. of the River and Canal © 

: System in two Ways: (1) By oxygen depletion due to the high concentration os 

of BOD in the wastes; but more importantly (2) through the resulting benthic _ 
_ deposits which continue to deplete oxygen after the discharge of wastes. Dissolved 

a oxygen levels are often substandard and during summer ‘months some sections _ 


Some construction projects have been proposed for the waterway which should © 
improve the quality of water in the River and Canal System. The project with ke 
_ the most immediate impact will be the installation of 10 instream aeration stations _ 
located at critical areas within the system. Each of the diffused air stations 
is expected to raise local DO levels to within 90% of saturation concentration 
 Regulations.—Several statutes govern the operation of the Chicago River and | 
Canal System. These include the maintenance of water quality standards and — 
a restriction on water diverted from Lake Michigan. = | 
_ The 1973 Water Pollution Regulations of the Illinois Pollution Control Board _ 
(10) specify several different water quality standards for the River and Canal 
System as a whole. This paper will consider DO | (dissolved oxygen) levels, Fr 
which will be specified in a later 
_ The U.S. Supreme Court ruled that as of March 1, 1970 the State of Illinois _ 
_ would be restricted to a total annual average diversion from the Lake Michigan _ 


_ Watershed of 3,200 cfs (89.6 m*/s) (21). The ruling allows the use of a five-year — 


accounting period but restricts average flow to no more : than 3,520 cfs (98. 6 
s >/s) in any one year. However, passage of the Federal Water Resources 
Development Act of 1976 included a provision allowing Illinois to divert up 

— to 10,000 cfs (280 m*/s). The Act, which allows a trial five-year period, permits 

he & 

iy _ this diversion only when lake levels are above the historical average, and when _ 

there is no threat of downstream 101 


In April, 1977 the Illinois Department of Transportation announced > oo: 
llocations of water which the State was authorized to divert (9). While ried 
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‘Current Practice. of the Chicago River and System i is under 

_ jurisdiction of the Metropolitan Sanitary District of Greater Chicago (MSDGC). ar ‘<i j 

‘Flow i in the waterway is regulated with several considerations in mind, including — 

water quality standards, federally imposed flow regulations, and requirements _ 

of flood control and navigation. Navigation standards of the U.S. Army Corps | 
‘ of Engineers require that water levels be maintained within a specified range. 

Based only on diversions and natural flow (neglecting storm runoff), water 

Bes are maintained as high as the navigation and streamflow regulations will 

permit in order to maximize the total dissolved oxygen in the system. Since _ 

_ streamflow regulations are specified on an annual basis, determination of 

reasonable monthly flow rates has become somewhat of an art, based largely 


on operating since implementation of the regulations. sae 


mbeal 
Type of diversion 1971 
diversion 958 4 640 «| «541 — 
Domestic supply 1,652 670 1,658 


“Source: The Metropolitan Sanitary District of Greater Maintenance 


_ Values for the three major categories ; of diversions for the: years 1971 through 

_ The constraints on the volume of water which the State of Illinois n may take 
from the Lake Michigan watershed apply to direct diversions, diverted runoff, 

- and water drawn for municipal use. (The total amount applies essentially to 
the Chicago area where water is diverted from the Lake Michigan watershed. 

Since the withdrawals of other are eventually returned 


_ communities for municipal water, and because of direct diversions move : 

7 & maintain water quality standards in the River and Canal System. 
4 Dissolved oxygen levels in the system are often below standard and some 
sections become anaerobic during summer months. Judicious allocation of Lake 
water available for diversion, combined with the expected performance of 
instream aeration units, should enable maintenance of the DO standard. Never- _ 
theless, any Lake water used for dilution purposes reduces the amount of water 

which would otherwise be available for municipal requirements. = 
a Of the several means by which Lake water is added to the ) On _—- (direct a 


| 
- high because of a continually increasing demand in Chicago and many surrounding = 
| 
Ig 


WATER QUALITY | CON: 


are most amenable. to > control and to better mz management. . Since the amount 
available for domestic use increases by the amount which can be pared from — 

use for direct diversion, there is a strong incentive to develop a protocol for 
efficient management of direct diversions. The remainder of this paper describes 
optimization procedure which determines the minimum direct diversion 
_-mecessary to maintain dissolved oxygen standards in the system, and which 
ee the diversion both temporally and geographically, allowing 4 decision = 


4 


| for j= = .12 and k=1. @ 
in which q,, = average inflow at dianien point i during month j; SATDO, : 
~ saturation dissolved oxygen during month j; DOSTD, = dissolved oxygen 2 
_ Standard for reach k; and f,(2,q,,) = function to determine the dissolved oxygen 
_ deficit in reach k. (The limits of the summation depend on the diversion af! fecting : 
_ the DO concentration. These will be detailed further. 
RESEARCH the section. Fisch res adxed 
ane in conditions calculated by by ce. Average 


of the dissolved oxygen sag curve to aid in water quality management a 
_ making (1,6,7,13,18,24,25,27,29). In most of these studies flowrate was <a 
assumed constant, and ‘management decisions were reflected in waste 
_ discharge allocations. Optimization procedures have also been applied to the = J 
= effects of low flow augmentation on dissolved oxygen concentrations (14,26,30). 
— The Chicago River and Canal System has been the subject of several studies | P 
concerned with specific indicators of water quality and with the over-all effects’ 
_ of the system on water use in Northeastern Illinois. Specific aspects of water 
quality prediction and of factors that determine water quality have been the 
_ subject of several reports by the Illinois State Water Survey (2,3,4,5). In research 
conducted by MSDGC (15,16) a simulation procedure was used to calculate 
_ the discretionary diversions which would be required on dry weather days for _ 
- various future scenarios. A similar study was performed by Harza Engineering 
_ Company (8) using ( QUAL- “ll (22) as a a basis for calculations. Keifer and oe 


the use 
an an over- r-all st study of water needs i in 1 Northeastern Illinois. 


1 and 2 by solving 12 separate optimization problems using monthly average 


procedure developed in this section Solves the in 
conditions for each. Asa the procedure determines the minimum ‘monthly 


| 
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necessary for maintenance of water Formulation 


the solution procedure involves: (1) Division of the waterways network into 
_ four sections; (2) determination of the relationship between flowrate and —— 
oxygen for each section; and (3) a representation of possible dissolved oxygen r 

concentrations and flowrates in a network structure. An efficient network a 
optimization procedure is then used to determine minimum diversions for each ~ 
om month. These steps are detailed in the subsections, which follow. =~ 
- Sectioning the Waterway System.—To model the waterway, the River and 
‘Canal System was divided into four sections and each section geri ay ale 


ove. flows 530 

orth Branch Chicago Ri 

(ave. flow 126 cfs) 
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FIG. 2.—Schematic Diagram of River and Canal System (Note: 1 cfs = 0.028 m*/s) } 


reaches. Locations of the 11 reaches so designated are shown in Fig. 


small segment at the mouth of the Chicago River was ignored in the sectioning, 

and the inflow at the Chicago River Controlling Works \ was assumed to = 5 

shown a are those for 1973; circled numbers represent reach numbers. 
_ Specification of the four sections and 11 reaches all allows a 1 a more d detailed 


- statement of Eqs. 2. These can now be written 


| 

| 
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hay yt < SATDO, - - DOSTD for j= and k= 4, 5 


= SATDO, DOSTD = 


d f,(q3,) < SATDO, DOSTD, f 
ang K= 


paper since the solution is the for 
y , will refer to the diversion flowrate at location i for any month in general. 
= i. Dissolved oxygen concentrations in the reaches of the waterway system are 
calculated on the basis of the Streeter-Phelps equation (28)as 


th 


in which D, = dissolved oxygen deficit at time t;K,= coefficient of deoxygena- 
tion; K, = coefficient of reaeration; L, = concentration of organic — 
at ¢ = 0; and ¢ = time of travel. No specific term is incorporated to account - } 
for the sludge oxygen demand (SOD) present in certain sections of the River 
and Canal System. Instead, SOD is incorporated into the deoxygenation rate — 
constant K,, using a procedure suggested by Butts (2) for Cotermining the values 


a The DO O profile for each section is made up of individual profiles for the 
_ reaches comprising the section. Each reach is assumed to be completely mixed 
and initial conditions are calculated by mass balance. . Average monthly tempera- : 
- ture, BOD and DO concentrations of the Lake water at each diversion point — 
are used as characteristic of the influent water. Tributary inflow and wastewater 
treatment plant effluent characteristics (flow, temperature, BOD, and aaah “4 4 | 
assumed constant and equal to the monthly average. 
a _ For each monthly period, the only v variable inputs affecting DO sate 
are ee Q.,, and Q,, the diversion rates at the head of Sections 1, 2, ye 
_ 3. The resulting DO concentrations then will depend on the flowrate into the 
head of each section. To avoid confusion, the term flowrate will refer to the x 
a actual flow in a stream section, while diversion flowrate will refer to that part _ 
of the flow which was diverted directly from the Lake. _ While the flowrate — ad 


be a function of one or more diversions plus a a sum of constant (average monthly) 
Altering diversion will change the flowrates in the appropriate sections, and a 
will affect the DO profile by either raising the DO concentrations for a high ; 
3 flowrate (more dilution water), or the reverse. The relationship of DO pate 
to flowrate is shown in Fig. 3(a). ‘The e effects of | five Possible diversions are 
- _ shown, in this case each with the same DO, temperature, and BOD conditions 
at the beginning of the section. Each possible diversion results in a different — = 
DO curve and therefore different critical and outlet values of DO concentration. 
_ There are three possible outcomes resulting from different flowrates. First, * : 
—bO concentrations at the end of the section and at all points in between are 
greater t than the minimum am: standard. Second, the DO concentration at te 


| 


ead of the | section is in violation of the DO standard; and third, the final Do 
pos meets the DO standard, while the critical deficit occurs before 
the end and violates the standard. The first case is shown by the upper three i 
= in Fig. 3(a). The second and third cases are shown m by « the curves labeled 
20 cfs and 40 cfs (0.6 m */s and 1.2 m */s), respectively, 
Formulation of Network Structure. —The network developed in this section 
consists of nodes representing the DO concentration at the end of each stream 
section, and arcs representing the appropriate diversion value which results 
i that concentration. Fig. 3(b) presents that portion of the network which % 3 
_ corresponds to the DO curves depicted i in Fig. 3(a). Node 18: 18in Fig. 3(6)1 represents 


eh 


4 mg/i 


FIG. 3. —Conversion from Graphic to tetwork Representation: bi Dissolved Oxygen 


_ Profiies; (b) Network Representation (Note: 1 cfs = 0.028 m*/s) 


a discrete DO concentration at the beginning of a section of the waterway 
system. | Nodes 24, 25, 26, and 27 represent discrete DO concentrations at the 
: end of the section resulting from specific diversion values at the tdiedies 
3 the section. A diversion rate (in cubic feet per second) is used to identify — 
each arc connecting node 18 with its corresponding resultant node. Arcs are 
not included for the 20 cfs and 40 cfs cases, since they violate the DO standard 
and therefore do not satisfy the constraints of the problem. gon 


Concentration 


The exit DO concentrations in the network are calculated with the Streeter 
‘ - Phelps equation. For an assumed initial DO concentration (left node) and known | 4 
(temperature, BOD and flowrate from tributaries, treatment 


| 
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- used to saab ‘the DO concentration at the end of the reach (one of the 


____ This process may be: repeated for different discrete values of initial DO (different — 
initial nodes) to determine DO concentrations resulting from different diversions. _ 


_ Thus, a range of possible DO concentrations (nodes in the network) at both 


and the flowrate through the section. The flowrate is in turn the sum of the 
.-- from the upstream section(s), tributary and treatment plant inflow, and 
“diversion into the section (the value of the arc in the network). This expanded 
— is illustrated in Fig. 4, in which the first column of nodes represents — 
_ possible DO concentrations at the > beginning o of a section, and the second column 
represents possible resulting DO concentrations. S 


_ In Fig. 4 temperature and BOD mass are assumed constant at the bevinning — 


aa upon ‘the initial concentration ‘(node a at the ‘beginning of the section) —_ 


Ss of each section, for each monthly application of the model. This assumption 
is reece ‘since each varies only slightly for different diversion rates. The a 


gifted FIG. 4. . 4.—Network Structure | fer One ‘Section (Note: 1 1 cfs = = 0.028 m*/s) 
flowrate, however, has a greater effect. Because of the configuration of ‘the 
problem at hand, the influence of flowrate may be easily incorporated into = 
‘the network structure and will be described further as the entire network is 
developed. The over-all network is constructed yd the network sections as s 
described previously; therefore, the network in Fig. 4 will be “repeated” for 
‘Fig. 5 illustrates the entire network, for which there are three segments — 
- _ corresponding to river sections 1, 2, and 4. The segments are delineated by 
= _ columns of nodes , with only one node in the first and last ‘‘columns.”” Each « 


column represents a 18 a range of possible discrete DO concentrations | with values : ‘ 
chosen to emphasize the lower concentrations. The DO concentrations were 
altered by increments of 0.1 mg/L between concentrations of 4.0 mg/L and 
g 9 mg/L, 0.2 mg/L between DO concentrations of 5.0 mg/L and 7.0 mg/L, 
and 0.5 mg/L | between D DO concentrations of 7.0 ) mg/L and ALA 0 a Each a 


in wed on the 
4 


be seen from Fig. 5, the node ai at the enc end of one one segment : 
the initial node for the next segment. The DO concentration at the: end of 
one section cannot be used as the initial DO concentration for the next section, 
however, without making adjustments which depend upon the characteristics — 
7 of the diversion at the beginning of the downstream section. One of these 

7 characteristics is the value of the diversion itself. With the diversion rate known, 

a mass balance on dissolved oxygen may be used to determine initial ae 

for the next section. Following this determination, the exit DO may be calculated 
_ For a given month, an average DO concentration is assumed at the beginning ~ 

of Section 1, the Wilmette Pumping Station. This is represented by the single _ 


FIG. 5.—Network Representation of Flow Alternatives with Nodes Bi ies 


=n ot the | first column of Fig. 5. At the ex end of the first sec section, each DO 
concentration obtained is associated with a particular diversion from the Wilmette 
eae Station and is assigned a node representing its final DO concentration. — 
The group of nodes at this point make up the second column in the network. & 7 
Each node represents a DO concentration and total flow ‘up to that point in 
The value of the arc connecting Node 1 to: any y particular | node in the second _ 
column is equal to the diversion required from the Wilmette Pumping Station - 
to obtain the DO concentration represented by this particular node at the end 
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The third requires a more structure, however, because 
the several values of DO at the end of the second section can result from 
- different combinations of diversions at Wilmette (Q,) and the Chicago River — 
— @,). Since the total flow at this point has an impact on the downstream (Section 
: 4) DO concentration, its value must be contained in the nodes. This is done 
= by dividing the third column of nodes into three subgroups, each representing 
a range of possible flows. The Tanges are determined by using the expected 
minimum and maximum flowrates at this point and dividing the column into 
_ three ranges. As a consequence, each node represents both a small range of ¥ 
po concentrations and (depending upon its respective Subgroup) a range of 
The last column in the network contains one node representing the minimum | 
_ allowable DO concentration at the. Lockport Controlling Works. The diversion _ 
value placed on the arcs leading to the last node is that from the O’Brien -~ 
is Locks, Q,. This use of Q, allows us to ignore Section 3 in the construction 
of the network, because any diversion at the O’Brien Locks must satisfy the 
“a DO standard in that section before it is considered in the computations for f 
ae 4. ‘The minimum Q, 3 capable of maintaining standards in both sections 
is used as the value on each arc in Section 4 of the network. a libey 
Use of the Network.—The objective of the stated problem is to determine 
_ the minimum total diversion (Q, + Q, + Q,) that will maintain water quality © 
_ standards. The network developed in the previous section contains arcs repre- 
senting only those diversion flowrates which will not violate the standards. 
Due to the configuration of the network, any path (a sequence of arcs) fron 
the first node to the last node will include three arcs, one representing eac ~ 
a of the three direct lake diversions. This characteristic will be exploited by utilizing 
| an efficient network algorithm, called the shortest path algorithm, which will 
_ _ determine the shortest sequence of arcs between any two specified nodes in 
P| a network. Several shortest path algorithms are available, exhibiting slightly 


different characteristics and capabilities. Pierce (23) p1 provides a 
of various shortest algorithms. to 


represent the respective at Wilmette, and the Chicago and 
The eit is the same as discrete dynamic programming where the state ’ 
variables are DO concentrations and flowrate, and the stages are the three 
sections of the network. Liebman and Lynn (13) and Meier and Beightler (18) | - 

used dynamic ; programming to solve similar water quality problems. In thes ce 

= cases, however, the flowrate was assumed constant and treatment plant efficien- £: i; 

_ The number of feasible arcs generated between each node column depends : 

_ upon the number of diversions tested at each diversion point and the number 

of diversions which result in feasible DO concentrations. To minimize the number 
of diversions tested, an iterative procedure was used (17). The procedure re chose 
a wide range of a few diversion values and solved the optimization in a 


appropriate range for the second iteration. Experience with th 


: 
ind the sequence of arcs whose sum (UV, + VU, + 1S smallest. 


iterative peocedere revealed that, in general, three iterations were ere necessary 
to narrow the tested diversion values to increments of 5 cfs (0.1 
. The procedure has thus far been described using average monthly input data. 
... determine variations from month to month the algorithm must be solved 
_ for each month. This requires three iterations for each month, for a total of | 
The optimization procedure was coded in Fortran IV and run on a CDC © 
Cyber 74-18. Average CPU time for one iteration of all 12 months was . 
approximately 6 sec. Computer size limitations restricted the size of the network as 
ae cases were analyzed: (1) Conditions currently existing in the study area; - 
. (2) conditions expected to exist following installation of the 10 instream 
_ Average monthly flow rates for tributary and treatment plant inflows were | 
used as inputs to the model. Their use was based on the fact that the desired e: 
4 monthly diversion rates are also monthly averages. Adjustment of the diversion | 
rates during a month should reflect existing conditions in the appropriate stream 
ae In the past, the adjustment has primarily reflected navigation and flood - 
control; however, a decision should also be influenced by both water quality © 
and the allotted average monthly diversion. Water "quality: could be predicted 
q 


for very short time horizons based on considerations such as tributary flowrate, 
- quality, and temperature. The average diversion should be used as a target 
value much as the total diversion value of 3200 cfs (89.6 m’/) is currently 
as a yearly target. ib etal tovdb oft To 
Existing Conditions.— —Current regulations require maintenance of a DO con- 
centration of 4 mg/L for ‘most of the waterway. In addition, the North | = 
Channel must be maintained at 5 mg/L for at least 16 hours of the day. To 
simplify the problem, this value was used for the steady state analysis. The 
selection of deoxygenation coefficients was made difficult because of the 
“ ‘uncertainty of representative rates. Values were chosen based upon data — 
; _by Butts, et al. (4) and based upon calibration of the DO sag curve. The procedure 
was also run with initial K, values increased by 25%. Table 2 shows the results 
; In both cases the Calumet Sag Channel requires approximately 72% of the 
dilution water, while the Chicago River needs very little. The large proportion — 
allotted to the Cal-Sag Channel is due to the high K, values and poor quality 
of influent tributaries. The small portion allotted at the Chicago Riv River Controlling 
Works is due in some part to the solution n technique, since the problem m ignores. 
7 the short section of the Chicago River between the Lake and the junction of 
7 _ In the analyses presented in Table 2, no diversions were allowed below the __ 
4 


: average existing lockage and leakage values for the three diversion points. The a 
values used correspond to those presented by Keifer and Associates (11). In 
order to determine what effect lockage and leakage flows have on total diversion — 
the program was run with no lower limit on diversion amounts. The results 
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reduced by approximately 100 cfs (2.8 m? /s) if all and could 
a. Instream Aeration.—The solution procedure was modified by adding 10 reaches — 
_ to accommodate the instream aeration stations currently under construction. _ 
Three different analyses were made by varying both the deoxygenation c coef ficient : 


and the aeration efficiency. In all cases lockage and leakage flows are 


Table 3 summarizes the results of the three analyses. 
TABLE 2.— 2. Diversion ( Under r Existing Conditions 


the Diversion, in cubic feet persecond 


Month Wilmette | Chicago River | O’Brien Locks Total 
a | 


August 


Februa: 


September 


October 


‘November 


te .berovib od yam OBE) ot mi “os 
Possible Extensions.—The solution procedure described herein is based on _ 
a steady state analysis using monthly averages. Actual conditions in the River 
and Canal System are far from steady . Lockage, storm water overflow, and 

; flood control operations result in flows resembling impulse inputs to the s system. 
_ Diurnal variations in DO concentration also complicate the modeling process. 
det detailed nonsteady state of | the I 


F | 
| 
(6) Usinghigher valuesforK, 44 
logge 
| 220 
q 1,022 
% 


4 
= 
to ‘conditions and average flow for “the 
_ In most cases an array of ‘‘good”’ solutions is of value to any decision making 
: process. One drawback of the procedure presented is that it provides only 7 
a the optimal result, but no other feasible, yet close | to © optimal, Solutions. AD 


tions must be weighed. Often these considerations cannot be included in a 
_ mathematical solution procedure. An example in this case is the desire to reduce 


TABLE 3.—Minimum Total with instream Aeration 


90% “aeration “aeration - 10% * 
efficiency” and efficiency” and efficiency” and 


lower K, vaiues lower K, veluss | | _ higher K, values 


August 
September. 
October 
November 
December 
, Average 


= 


_ 1 cfs = 0.028 m 


To allow the of to makers, a 
different shortest path algorithm (12) could be used which generates & 0s a certain 1 
of paths starting with the best, then the second best, etc. 
The results of this study provide the minimum direct diversions 


now y that up to 10,000 cfs (280 m’*/s) may be diverted, as authorized by the : : 
| Water Resources Development Act of 1976. The benefit of higher diversion, - 
: of course, would be a higher over-all DO concentration in the waterway. Other iy 
- factors might also be considered, including: (1) Reduction in the use of instream "7 
aerators; (2) increased navigation capability; and (3) increased hydropower 
generation at Lockport. For these cases, alternative objectives m might be to: (1) _ 
Maximize the average DO concentration; (2) maximize the minimum PDO: con- 


) Ve 
| 
a 
— 
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centration; minimize required for instream aeration; or (4) maximize 
= 
a optimization procedure has been presented that | is capable of determining 
he minimum amount of water which must be diverted from Lake Michigan 
: maintain dissolved oxygen standards in the Chicago River and Canal System. 
=. procedure involves the network representation of possible diversions and 
| Ties of an efficient network algorithm to find the optimal solution. Results _ 
the procedure—temporal and geographical allocation of diversions—are 


& Boppy for existing c conditions and for proj ected conditions following installation _ 


Results of the tas lead to the ons: 
a Under existing conditions a yearly average direct diversion of from 777. 
& to 1022 cfs (21.8 m’/s to 28.6 m’*/s) is necessary to maintain the dissolved — 
oxygen standard of the | Tilinois Water Pollution Regulations. Assuming g an 
annual value of 256 cfs m */s) for lockage and leakage, approximately 
521 cfs to 766 cfs (14.6 m*/s to 21.5 m’/s) should be designated for discretionary . a 
| After completion of the instream aeration stations, an annual average — 
"diversion of | from 576 cfs to ) 793 cfs (16. .2 m*/s to 22.2 m’/s) will be necessary — < 
to ) maintain the dissolved oxygen standard. This will allow a reduction 
& discretionary purposes to between 320 cfs and 537 cfs (9.0 m*/s and 15.0 m’/s). ' 
_ 3. A large percentage of the direct diversion flow should occur during the - 
months of May through October. Slightly less than half of the total annual 
flow should be concentrated in August and September. 
4. Judicious allocation of the direct discretionary diversion flows among the 
Wilmette Pumping Station, the Chicago River Controlling Works, and the O’ Brien 
Locks is an important factor in minimizing the necessary diversion. — aeaS BS 
os « A procedure for continuous adjustment of diverted flows should be devel- 
oped. The values reported here are average monthly flows. The actual flow a 
at any specific time should depend on existing conditions within the watershed. 
The procedure should include the objectives of navigation, flood control, and 
water quality based on available monthly average diversions. Continuous opera- 
tion should take into account conditions within different geographical areas 
which may dictate different diversion rates. 
6. In light of the Water Resources Development Act, which sthaite an increase 
in total diversion in Illinois, Procedures should be established for the allotment 
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= APPROACHES TC ToWV WATER UTILITY PLANNING* 


By Alan K. Rowe’ Daniel K. Sander,” A. M. “ASCE bab 


Public water systems in n the state of Washington have two new tools at their a 
disposal to assist them in effective planning for future service. These ne ol 
- _ state laws are aimed at making it easier for water utilities to predict future 
_ needs and giving them assurance that they will be able to implement their plans. 4 
: Both laws are thoroughly examined, focusing on the cooperative planning process — 
and the importance of the product: the Coordinated Water System Plan (CWSP). ¥ ; 
gs The types of problems experienced by Washington water systems, which have | 
resulted in the establishment of these two new laws, are also experienced. of i 


and planning agencies in other states will benefit from _Washington’s initiative 
in creating a responsive framework visa basins oF 
Bacxcrouno 
state of Washington has an active water supply program 
7 through its health agency. Its emphasis has traditionally been placed t upon two 


major components: (1) review; and (2) monitoring the end product 


- — Responding to increased concern about the environment witnessed in the 


a ac. “Presented at the February 25-28, 1979, ASCE Water Resource Planning and Management 
Division Specialty Conference, held at Houston, Tex, 

" Bt “Program Mgr., Technical Services Unit, Water Supply and Waste Section, Mail Stop 
4 UE, Washington State Dept. of Social and Health Services, Olympia, Wash. 98504. _ 
Dist. Engr., Water Supply and Waste Section, Washington State Dept. of Social and 
"Health Services, West 924 Sinto Avenue, L32-4, Spokane, Wash. 99201. 
__ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 

: qi written request must be filed with the Manager of Technical and Professional Publications, 7 at 
ASCE. Manuscript was submitted for review for possible publication on April 23, 1979. 
This paper is part of the Journal of the Water Resources Planning and sce Vor 

ie, Proceedings of the American Society of Civil Engineers, © ASCE, Vol. 107, 
No. WRI, March, ISSN [0001-0129 / 00. 
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early 1970s, the state established an enilty the Health 

a by bringing certain visible, environmentally-oriented programs into the spotlight. s 
‘solid wastes, sewage (water pollution), and air pollution were | shifted 

to a new agency, the Department of Ecology. The water resource management 4 

nae * was also transferred into the Department of Ecology from another > 

{ The state’s drinking water program remained in the health agency primarily ; 

because it was commonly associated with protection of public health as differen- 

- tiated from protection of the environment. This necessitated a close working 
relationship between the two state agencies—one that has become increasingly 
positive in recent years, as the need for water planning became more apparent. — 
“ Several situations that have taken place in recent years illustrate a need for 
the water supply program to expand its traditional cnguans on design review — 

and m monitoring the end product for adequate quality: ca 
. Land use planning itself, enjoying revitalization along with the nerd 
onan has increasingly occurred without the involvement or support of 
water purveyors. This has often resulted in conflicts between land use controls — 
; and water system expansion, as each responded to different objectives. a 
s , @ water district was in desperate need of a new reservoir and 


transmission line. The ideal location was on the hill above the majority « of 
_ services. This location was especially good since two subdivisions near the 
a site had requested service, and the area along the transmission line 
could be easily served if the line was developed. Plans were finalized before 
it was discovered that the transmission line went through an area . designated — 
_ by the county as low density. The county objected to construction of the line 
lk Water purveyors have entered into fierce competition between themselves 
in attempts to extend their facilities into urban growth areas, using the rationale 
- that these newer, dense areas will increase their revenues. This, in turn, has 
greatly diminished their ability to predict future, logical service “areas, and 


therefore to carry out efficient utility planning. egrets RE 4 
_ Such was the case between a water district and a city in northwestern 


3 Washington. Both utilities wanted to serve the area between their systems because 
of its high development potential. Each utility had | anticipated using the same 

~ parcel of land on a nearby hill to build reservoirs. . Not | only would the ap ol 
: tanks be side by side, but dual transmission lines from the reservoirs to the 


new area to be developed had to be constructed. 


_ 3, Many water purveyors, falling victim to the expansionist philosophy, have 

; Bieoe tempted to gear their capital investments towards the provision of huge, 

7 ae unnecessary quantities of an additional source, in order to secure water 


rights necessary to support water system needs far into the future. . 


“ As an example, the State Health Agency has recently been seeking is complica 
with surface water treatment requirements in a medium-sized city. At the same 
time, the Department of Ecology encouraged the city to build a new impoundment | 
structure in order to secure water rights. The city, reacting to these conflicting 
demands for capital improvements, has neither improved its water treatment 
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‘These’ types of situations have brought frustration to water ‘utility 


and agency Officials alike. As those responsible for provision of water struggled _ 
to deal with these situations, it became essential to articulate a simple goal: 


derived would be necessary to ‘a ‘the goal. The goal also calls te 4 
s a partnership approach: working together with those disciplines affected to achieve ¢ 
high level of mutual benefits. Addressing a goal such as this in a joint manner 
‘ leads to support of ensuing programs that in turn increase their chances of : : 
success. Coordinated planning for more efficient use of the water resource 
s indeed become the new direction, o or focus, of the Washington State Water 


_ This new water supply emphasis in Washington has been fully supported . 
by the State Legislature. Two laws and their administrative regulations have — 
provided unique tools to accomplish the water supply program goal: the Water — 

_ Resource Act of 1971 (WRA), and the Public Water System Coordination Act & 

of 1977 (PWSCA). The remainder of this paper will examine these laws and _ - 

how they have resulted in a complete, comprehensive relationship between the - 
water resource and the water user, 


ed) ylbiviv ate! Yo tiguoth saawdnon Re 
2 Many of the over 6,000 water systems in Washington are clustered in lh 
‘that have experienced or that | are experiencing growth- related problems. T These 
systems have been built according toa variety of different standards, making — 
it difficult to join them together in the future as areas incorporate or annex 
i _ to a city or utility district. Consequently, some of these water systems often | 
must be replaced, which — in an unnecessary duplication of expense to 
Ini addition, there are several different planning ‘Tequirements that ‘directly 
3 affect water systems, as well as land use. There has been no established process 
_ assuring that water system plans are compatible with those of neighboring 


water systems, or that such plans are compatible with, or incorporated into, . 
adopted county plans and policies. 


The PWSCA embodies the principle of plaicng re: responsibility, 2 and d therefore 
at the level of government closest to ‘the Management of the 7 


governmental decision makers in establishing and water systein 


development policies. Several key events were in developing the 
The American Water Works Association “Action Now” program was 
_ developed to counter attacks by groups claiming the need for substantial . 
= improvement in service and reliability of the nation’s: public water systems. 
. If Washington and other states could p pursue | an aggressive, utility-based approach " 
to solving water system problems, perhaps there would not be a need for Federal | 
® legislation with its typical regulations discouraging innovation and interfering — 


| -_—‘ to insure that equal or better drinking water will be available to future generations. r 1 _ 
Effective water supply planning, together with a recognition of the essential iia 
| 
| 


2. The Washington Board of Health Water System Regulations, adopted 
,. in 1971, recognized the need for water system planning by requiring water utilities _ 
‘Serving over 1,000 customers, to prepare system plans addressing their future 
and by developing a program to meetthose needs. 4 
e 3. Referendum 27, a $50,000,000 bond issue, was approved by) the State’ . 
“voters in 1972. It provided financing A 
“to assist in the development of | water systems | which will be able to — 
- provide all the water supply needs of a given area in an efficient and 
_ This was accomplished by maximizing | coordination of water system plans i 
. _ facilities within regional areas. For this | purpose, 40% construction grants and 
ie _ 4, In 1976, the State Health Agency, in cooperation with the University of 
Washington and the State Associations of Cities and Counties held a conference 
entitled “Impacts of Growth on Water Utilities.’ The consensus of the two-day — 
program w that planning is an important and necessary function o of 
_ utilities, and that planning should be a cooperative effort between water utilities, 
resource agencies, and local governments with land use responsibility. 


a The northwest drought of 1976 vividly accented the competition for soll 


insure 
7 oa efficient water system planning and development. The law is based on the i 
rk q fundamantal premise that water system planning must be coordinated with, even ; 
= _ integrated into, land use planning to meet the overall needs of the community. S baie 
ing The PWSCA of 1977 establishes a step-by-step process, with water oo 
and local government providing the planning initiative, ‘to accomplish a unified — 
-CWSP for given geographical or regional areas. If the steps are rigorously’ 
_ followed, water utility managers will work with land use planners to jointly 
7 prescribe how water will be provided for new development and in gon. 
- where changes in density lead to higher water demand. This includes answers 
_ to questions such as: Is there an adequate source of water? Who ho will ¢ distribute 
- the water? Under what circumstances? “Who ‘will pay for the service? When 
" Although the law was primarily aimed at dealing with water utility development 
in rapidly growing areas surrounding most of the state’ s larger cities, it applies ?, 
equally well in smaller, more rural communities. a brief 


description of the coordinated planning process: 

% Step 1.—A county or the State Health Agency may initiate of 
a a preliminary assessment. The purpose of a preliminary assessment is to determine , 
is the status of water system and land use planning in the area, and to evaluate | 1 
Py the amount of coordination which is occurring between water utilities and land . 
a use activities. This action may be taken whenever one or both of the governmental - 

4 ; agencies are suspicious of problems or upon request from other agencies, — a 
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 @ county, group of counties, or the State Health Agency to make a decision Z 
whether to designate a general area a Critical water supply service area (CWSSA). — ‘ 


They will use two basic questions as criteria, the answers to which will be y 


1. water system development consistent with, or coordinated with, 
water utility plans, and with adopted plans or _—— policies, or both, of local - 
2. Are the water systems able to pusbilite an ‘adequate water er supply t to meet a 
_ the needs for the general area? Adequacy is measured by both quality (Federal a 
safe drinking water parameter), and quantity (reliability of service). Water supply _ 
needs may be existing or in terms of future demands. The action of declaring — 

a WSSA triggers a series of important steps, because the specified time limits Pe 
for accomplishing | the coordinated planning are based upon the date an — 


niecaa 3.—A Water Utility Coordinating Committe is appointed by the iy 
which declared the CWSSA. The committe serves as the basic building —- 
Be achieving maximum local ‘coordination by - assuming responsibility for the 
eg Analyze growth potential of the area and water system capabilities i in order 
a ‘Assemble water system plans from the individual utilities and direct the _ 
development of a a coordinated plan for efficient provision of water within _ 


4, | After the completion of the major work components, monitor implementation 


‘Step 4 4.—The county authority mal makes ‘the: final determination o of 
‘ee external boundaries of the study area after considering the committee’s 

_ recommendation and holding at least two public hearings. Adoption of the 

boundaries i is s another ke key step since it signals the yew of a 2-yr (maximum) a 

‘Step 5. —The next major step is development « of a CwspP, directed by the 
‘ Water Utility Coordinating Committee. Two tiers or levels of planning make — 


upthe CWSP; analy 
The individual system plan. —This intra-system plan deals with development _ 


of water system facilities within each utility’s agreed upon future service area. 
(Many water systems, particularly those with over 1,000 service connections, — 
have already developed this intersystem plan as a result of the Board of Heath’s 
‘regulations or requirements relating to Referendum 27 

Regional supplement. —This intersystem, regional, or “‘umbrella’’ plan is 
aimed towards finding solutions to areawide concerns (those water t system or 

; = planning matters which transcend the boundaries of individual water systems, A 


4 


i 
— 
| 


government to insure that water system improvements will 
with county an and local land use plans and growth policies. If the county objects a 
to all or a portion of the plan, at least two months or negotiations with » 
committee must take place in an attempt to resolve conflicts. Failure to resolve _ 
conflicts would result in the State Health Agency determining which portions — 
of the plan to implement on a case-by-case basis—a fate likely to be unfavorable — 
to > both water utilities and county government. . The plan also undergoes r review a 


considered and proposed facilities are re adequately designed. act 
¢ Approval of the CWSP does not indicate an end to the coordination | oes 
T he plan is dynamic in several ways. First, an update to both the individual 


‘ (If nc not consistent with the plan, the ‘plan n must tbe revised or the proposal m must 
be altered to be consistent wit the plan before it will be approved.) Finally, 
the Water Utility Coordinating Committee, as previously mentioned, is intended | 
- to be an ongoing forum to monitor the plan and consider mutual — 4 
§ © date, six critical water ‘supply service areas have been declared under i 
2 the PWSCA. Four of these are in metropolitan areas subject to rapid growth, 7 
and counties are attempting to organize the utilities for the efficient a 
of the water supply. The other two are in areas traditionally rural in character, 
experiencing growth-related problems. Both quantity and quality of water 


supply are serious concerns in the latter areas. Eleven additional counties out _ 


of 38 in Washington are considering implementation of the 1977 law. 


diversion of Columbia River water into those states to augment —. 
was felt that, in order to utilize Washington’s water for the best interests of 
the people in the state, a solid data base and well-articulated water policy ' would a 
Initial research under the state law indicated that, despite its reputation for ha | 
a wet climate, Washington does not have a surplus of water. Competition among 
users of the state’s water supply loomed as the significant, if not _— . 
volatile issue. Three of the largest contributors to Washington’s economy, i.e., a -* ; 
hydroelectric power, agriculture, and fisheries, all depend upon water. The WRA . 
_ charged the State Department of Ecology with: (1) Identifying existing ne q 
among water users; and (2) establishing programs to insure beneficial use in 
aa The key to developing and understanding water policy is the concept of 
beneficial use. Indeed, most of the law deals with expansion of that on 
in terms such as ‘‘enjoyment,”’ “compatibility, “maximum net benefits,” 
“quality” of the natural “‘multipurpose,”’ and 


q 
7 
|  Ulllities plan and regional supplement must OCcur every yt OF sooner, grow 
occurs more rapidly than expected. Secondly, every new water system facility 
a major policy for 
the future use of state waters. This policy statement was stimulated <a ; 
‘ 
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But i. only p policy statement which singles ¢ out a specific beneficial use facia 
>. and safe supplies of water shall be preserved and protected in potable ; 
condition to satify human domestic needs.’’ To accomplish this policy, the State — 
Department of Ecology was given broad new authroity to establish a fener 1 


: = ahead to o their future demand, and therefore need for an n additional s source, . 
| have been faced with a chaotic system of applying for water rights, and periodically _ 


| extending the date the water would be put to full use. Washington, like many . 
other western states, has. based its water right regulations on the Doctrine _ : 


7 Prior Appropriation, i.e. -» first in time, first in right. Under this doctrine, a 

- utility w which applies fora water right must put the water to use within a scheduled | 

F frame, or that water may be allocated to another user. To assure an adeugqate 

_ quantity of water, public water systems have found it necessary to construct — 


source facilities either ahead of the time they will actually be needed, or “~_ : 4 


ew of developing more effective methods to augment their source. This situation 
has high potential for inefficient use of capital, as well as to cause havoc with _ 
ot established water utility expansion program. Sound water system planning 
is therefore discouraged. Using water rights in this manner was never intended | 
and has resulted in a haphazard, high-risk approach in attempting to tie up 

enough water to supply future utility needs. 
Through their reservation authority, the State Department of Ecology has — 
established a process enabling domesitc water utilities to set aside enough water — 
to meet long-range future needs. The philosophy may be analogous to banking. 
Water is set aside to supply future demand for an entire region. As growth _ 
occurs and domestic water is needed, the utility responsible for supplying that 
Ld need draws an increment of water out of the regional pool to develop as an 


additional source. This is accomplished in accordance with a regional planning 
i _ The water source is an integral part ohanet water utility planning. It is 


important to the utility to be able to count on enough water when the need 
arises. Knowing how much water is available and where it may be withdrawn — 
¢ makes it that much easier to design the facilities required to add the water A 
tothe system. If water cannot be reserved due to lack of quantity, overappropria- _ 
q tion, or other reasons, the utility will know well in advance that: (1) It will ] : 
have to obtain water elsewhere; (2) it will have to enact a strict water rationing — 
: program; (3) it will have to evaluate various water uses to determine if water 
of a lesser quality can be substituted for some uses (industrial, irrigation, ete); 
or r (4) local land use authorities will be forced to curtail growth in the area. Kips pS 
The reservation | program is significant in yet another sense. ~The CWSP is | 
4 a ‘document prepared in a cooperative atmosphere among the water utilities atl 
other affected partiesin the region, 
; - It is primarily intended to: (1) Justify future water needs within the region; 
and (2) identify an efficient, cooperative program for utilization of water set — f J 
aside for regional domestic use. $5.00 
ie planning requirement establishes a framework or mechanism for making 
it easier to deal with regional water source issues. It also sets the stage for 
t consideration of such benefits to individual utilities as consolidation for more 
efficient operation, interties for increased emergency response or better use 


| 


4 

of sources, es, and areas fore more organized planning and system manage- 
_ Two regions in the state have secured a future source since the reservation - 
process was established in 1976. Numerous other areas are currently preparing 4 
their own CWSP in anticipation of reservation requests, including Seattle -— 

: Now public water utilities in Washington have a clear process designed to 


allow them to plan ahead for supplying their future needs without constant 
fear that the water they are re counting on will be lost to a competing use. Financing _ 
of capital improvements should also be considerably easier than the present — 
hodgepodge water rights system. Through implementation of the WRA, beneficial — 
use has been defined in part as a more organized, efficient means to provide _ 
_ The most important element of each of these state laws is the CWSP. The iar 
plan, a comprehensive strategy for the management of water resources, land ‘ 
7 use development, and provision of domestic water, is likely to become the 
‘most usable and important document for the territory it covers. By identifying 
“who is responsible for providing water in a given area, how and when that 
a water will be provided, and how much, others involved in land use management 7; 
will have an easier job predicting consequences of their actions. = 
: _ The two parts of a CWSP, i.e., the individual utility plan and the regional — 
supplement, have been defined more completely in a publication entitled “‘Plan 
| - Contents Guidelines.”’ It serves as a 1 guide of topics expected to be covered, 
Individual Utility Plans.—The individual plan | that each utility must prepare 
will vary in detial according to the size of the system and its intentions for — 
future expansion. The most comprehensive and detailed plan is required for — 


public water systems with more than 1,000 services. . Asa a eget, it should 


Basic planning data should include a general of the w 
_ existing and future service area including history of the water system, present _ 
water _consumption and demand ‘Fecords, and an inventory of ‘felated plans 


"requirements i in areas anticipating service from the water system. = 
a The inventory of existing water system facilities should describe, and 
critically review, the present condition of every element of the existing system 

treatment, storage, transmission, and distribution facilities. 


be thoroughly reviewed. The status of existing water rights must be reviewed, 
and so must conformance with the State Board of Health’s (and Safe Drinking - 
Water Act’s) minimum water quality standards. Consideration of applicable _ 
_ fire-flow performance standards and the ability of the utility to meet those 
Ade should complete the inventory and analysis of the existing system. = 


1 
ydraulic analysis shou periormed and all background informatu 
a 


factors affecting the water system are identified: (1) a and ‘future service 
areas; (2) existing and projected land use patterns, including zoning; (3) present — 
and future population distribution; (4) fire-flow classification; (5) existing and 
future high water use areas; : (6) critical elevation and | pressure zones; and (7) 4 
existing and future. water system facilities including sources, treatment, storage — 
transmission lines, major distribution lines, booster pumping stations, and interties _ 

Y 4, Miscellaneous items of consideration should include peration report 

which outlines 1 routine maintenance and operation, water quality monitoring, 


m of responsible 
"personne. Agreements for future service areas, interties, or shared facilities, — 


or both, or documentation of any attempts to reach such agreements, must 
= _also be provided. If water availability is a problem for the utility, a more complete 
Consideration of the resource alternatives should be which may include 


the data presented in each of the preceeding sections. Optional methods of 

meeting those needs and associated costs should be described and Geocused. 
Recommended improvements should be selected and justified along with a - 5 


suggested time schedule (based on ‘either fixed or factors) and 


"proposed financing p program. 
Regional ‘Supplement. —The regional supplement was designed to be flexible 


based upon the particular situation in each area. In some cases, it could include 
a: summary of items pertaining to the entire region which have already | ven 
addressed in each individual water plan. In other instances, this regional document | 
_ may serve as a guide for preparation of the individual plans by identifying 
‘Major areawide policy such as conditions for water system expansion, desired 
levels of service, and scheduling of new source 
‘su lement should contain at least the following information: 
The relationship between water system development ix in ‘the and 
adopted plans which affect land use and growthh 
2. Documentation of agreement on future service areas into Ro each alley 
will expand to to Provide w water service. This is intended | to avoid conflicts 0} over 


facilities, while giving each system the assurance that it will be able to implement 
- plan without interference from another water utility. SS oe 
_ 3. Minimum design standards which apply to new system facilities within 
the area. With these standards, new systems will be constructed to the local ks 
area’s design criteria so that they could be teadily absorbed into larger systems © } 
2 (no matter \ what the reason) while assuring the citizens of the area a minimum 
4 level of water service. Fire-flow protection must also be incorporated into these 
4. An ‘identification of procedures and conditions for oe new water = 


| 
| 
| 
e guarantee an orderly process of assessing whether new systems are needed — 


On either a or permanent basis and serve as a for 
__ 5. An assessment of joint-use or shared water system facilities which would se 
be beneficial to the area as a whole, such ; as emergency interties between systems : hig 
6. a program for de developing and ‘managing a additional sc sources, within the region oa 
consistent with requirements for 1 reservation of future w: water supply. 
The CWSP then De the two-part product of a cooperative planning | process. 
Because all water facility projects and land use decisions are based upon - 
document, it becomes the common bond which unites development of the water _ Ee 
resource with land use management. And because water utility devek 
and water resource management depend upon this document, it becomes the ve 
common bond linking the supply of water with its use. TOA att to encalieicsidiedl 


Asacommon bond linking water resources, land use, por provison of drinking 


water, the CWSP will enable decisions to be made in the best interest of all | 
three elements. It will also enable decision makers at both the county and 
_ water utility levels to better assess the potential effects of their decisions. _ 
- When the CWSP is completed, each water system, as a user of the resource, 
will have determined its future needs, and can | begin to fulfill those needs with 
: “the: assurance that: (1) Water use will be consistent with land use Plans and 
“| policies for the area; (2) neighboring water systems will not be competing with | 
or infringing upon their service areas; and (3) their future source will not be 
allocated to another type of wateruse. = j= 


- CWSP, developed in a cooperative manner at the local level and enforced 
by state agencies are gaining wide acceptance in Washington. Therefore, a hig 
probability of success is predicted for the new approaches devised to bring 


_ together the inseparable elements of water resources, land use, and provision 
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URBAN STORMWATER MANAGEMENT IN SOUTHEAST 
MAP &f Yo of hating — 
> By David H. Howells,’ F. ASCE and Neil S. Grigg,” M. ASCE * 
ed aint legislation applicable te 
_ This paper summarizes the findings of the 80 Southeast Conference on Urban 
Stormwater Management, held at North Carolina State University April 10-11, a 
1979. Invited participants included key Federal, state, and local officials, 
re _ Water-resources research institute directors, and other representatives of the — 
_ ‘University community. The conference was the third of a series directed toward a 
major water-resource problems of Alabama, Florida, Georgia, Mississippi, North 


Carolina, South Carolina, Tennessee, and Virginia. 
yj The role of state government i in urban stormwater management in t in the Southeast - 
is highly variable. Drainage and detention has traditionally been a function o of 
local government. Flood plain management, with its ties to land-use zoning 
_ and regulation, has a similar history except for the Federal flood-control and — 
insurance programs, where state government has often served as a facilitator __ 
and intermediary. The states have taken their strongest leadership in the areas 
* «@ of stormwater pollution control and, to a lesser degree, erosion and sedimentation | _ 
control. The following discussion summarizes state programs in the Southeast a 
_ with respect to these four elements of urban stormwater management. =e 
_ Drainage and Detention.—With the exception of transportation departments, 
= state agencies have had little impact on local drainage policies. The single exception a 
is the Florida Department of Environmental Regulation which has overview | 


and coordination authority with respect to Florida’s water-management districts. 


a Prof. Emeritus, North Carolina State Univ. , and Univ. of North Carolina at Chapel mn 
7 Hill, 124 Riddick Building, North Carolina State Univ., Raleigh, N.C.27650. = 
98 ? Asst. Secretary and Dir., Div. of Environmental Management, North Carolina Dept. i 
of Natural Resources and Community Development. 
_ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 
4 a written request must be filed with the Manager of Technical and Professional Publications, q 2 
; ASCE. Manuscript was submitted for review for possible publication on February 21, — 
(1980. This paper is part of the Journal of the Water Resources Planning and Management = 
_ Division, Proceedings of the American Society of Civil Engineers, ©ASCE, ‘Vol. — 
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* of ‘hae districts. have very extensive planning and management responsi- 


bilities for drainage and detention in their areas of jurisdiction, = a 

State enabling | in support of local initiatives is generally considered 
be adequate, and there appears to to be ‘no “need to expand State 4 

_ Flood Plain Management.— —The principal activities of state government in flood 

a, plain management have been the enactment of enabling legislation and — 7 | 


of local government participation in the National Flood Insurance Program 
rej by the Office of Federal Insurance and Hazard Mitigation (FIHM) — 

the Federal Emergency ‘Management ‘Agency. The state function is largely 
limited to coordination, processing of community applications to ) FIHM, assuring 


consistency and public awareness, and developing flood-warning and emergency — 4 
The most significant problem associated with administration of the Flood 


Insurance Program has been = of monitoring to determine local compliance 
with program requirements, particularly with respect to | the adoption and 
a enforcement of land-use controls in flood-hazard areas. Many local. governments 
—& not have the planning and management capability to carry out their obligations 
under the program, and most states have not moved to provide the neede 7 7 


Ss 


technical assistance and institutional support. __ Georgia attempts to evaluate 
_ compliance with program requirements, but its. efforts have been ‘severely 
- constrained by lack of resources. Virginia appears to have done more than 
; most to cope \ with these problems. ‘Staff of the State Water Control Board — 
7 assist communities in the development of needed ordinances. The Virginia Flood 
Damage Reduction Act calls for a joint inspection program between the board — 
- and communities to determine the effectiveness of local flood plain nl 
 inctoding efforts to preserve t the capacity of the flood plain to carry and discharge 
a 100-yr flood. The degree to which this program has been implemented, however, 
is unclear. Virginia’s Uniform Statewide Building Code now has a section on — 
a floodproofing. This requires new or substantial structural improvements to be | 
a built at or above the 100-yr flood elevation. Enforcement is the responsibility _ 


State Environmental Management Commission is authorized to delineate flood 
ways and adopt regulatory programs where the reach of a stream exceeds the 
jurisdiction of a single local government or local initiative is not taken; however, 
_ these state powers have never been exercised. The ‘potential of the Floodway 
Act for mounting a statewide program has not been realized due to lack of 
a sense of urgency. The North Carolina department of Natural Resources and 
~Community Development recently concluded that a more effective flood-damage 
reduction effort is needed. It proposes to coordinate and deliver state and Federal — 
to communities with flood problems and assist in 


available for flood- reduction efforts, establish priorities among flood- 


| 
: - for the regulation of artificial obstructions in floodways. the act authorizes — 
; As a first step, the department is forming a State Flood Damage Reduction — 
: d Task Force to bring together state and Federal agencies with responsibilities j 
| 
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damage areas, and “coordinate the of state and Federal assistance 


been retained to provide leadership | to this effort <= 
a Flo Florida is attempting to discourage u undesirable growth in flood-hazard areas 


through the following techniques: (1) Department of Environmental 
2 control of 201 facilities planning for sewage treatment facilities pursuant to 


the President’s Executive Order on Flood Plains; (2) interagency agreement — 
oy between the Department of Environmental Regulation and the Department of 
regarding design and location of Toads in fic flood- hazard areas; 4 
and (3) a gubernatorial executive » order | which addresses public investments — 
_ Erosion and Sedimentation Control.—Half of the Southeastern states have 
"enacted erosion- and sedimentation-control legislation applicable to urban areas. a 
: - South Carolina was the first to act when it adopted a sediment-control act 
ra in 1971. . North. Carolina and Virginia f followed in 1973 and Georgia i in 1975. i 
There a1 are some significant differences. alled the 
_ The basis for the South Carolina program is enabling legislation which authorizes 
the establishment of local sediment-control programs by county ordinance. It 
a. restricts grading or other land disturbance without a prescribed county permit ; 
. andi in accordance with an approved grading, erosion, and si siltation plan. Approved — 
plans m must be certified by a professional engineer or - soil conservationist and 
_ approved by the local soil- and water-conservation district. Only three counties 7 
: have adopted erosion- -control ordinances to date. Several others are in various 
_ Stages of development. Two of the three counties with ordinances have relatively 
inactive programs. One county program has shown exceptional results. Lexington 
County ha has an effective ‘sediment-c ‘control program | for unincorporated ¢ areas an 


within their boundaries as well. The ordinance is administered by a county ~ 
sediment-control officer with assistance from public works, engineering, and 
conservation district staffs. Enforcement is ; coordinated wi with s encores approv- 

In contrast to South Carolina, the North Carolina legislation places responsi- 
- bility i in a State Sedimentation Control Commission with authority for delegation | 
to other state agencies and local government. If local government fails to adopt — 


at the state level. “The commission has exclusive jurisdiction for 
‘ernmental entities ies having 1 right of - eminent domain, and projects funded with : 
‘The North Carolina Sedimentation Control Act established regulatory standards — 
with respect to buffer zones, angle of slopes, and ground cover. Control facilities ; 
7 must be able to withstand a 10-yr rainfall. Release velocities must be controlled a 
$0) as to prevent channel erosion at point of discharge. There i is no provision -_ 
“for the control of downstream erosion. If the velocity c can be controlled at 


_ the point of discharge, detention is not required. There are suitable f provisions 


Seventeen of North Carolina’s 100 counties and 21 municipalities have rea 


__ sedimentation control programs. ‘Some local programs encompass more than 
one unit of Failure of pubic to administer 


4 
q 
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assume this responsibility, and limited staffs have been the principal mem sated 
_ A somewhat different approach was taken in Virginia. Here, the legislation — di 
requires every local government to adopt an ordinance which meets standards _ = 
set by the state Soil and Water Conservation Commission. Minimum standards 4 
for construction sites are contained in an Erosion and Sediment Control Handbook — 
developed by the Commission. There are no requirements for on-site detention _ 
or control of the peak rate and volume of stormwater runoff leaving the oité. 
The Commission has proposed revision of the handbook to include stormwater 
management criteria for the control of erosion. While the Commission recognizes 
vd the need for stormwater management controls i in urban areas, it has avoided 
statewide controls in the belief that they would not be applicable to many areas. 
_ As an alternative, it will soon undertake the development of a guidelines manual baal 
for stormwater management in localities which need them. The manual will — 
address both the ) ny and quality aspects of stormwater runoff, including — od 
All of the arly half of the towns in ‘Virginia i 
now operating ‘under a an approved local erosion- and sediment-control plan. Citizen Y 
support is lacking in some communities because of the mandated nature of 
_ the program. Requiring the local adoption of an ordinance is one thing— 


-_ _ implementation i is t another. The provision for funding calls for hg charge 4 


regardless of size. This i is insufficient for the larger developments. 
= In contrast to the enabling legislation of South Carolina and mandated local 


programs in Virginia, the Georgia program approximates the local-state alternative 
of North Carolina. The Georgia Erosion and Sedimentation Control Act provides 4 


for local adoption of control ordinances or state enforcement where local 
jurisdictions fail to act. There are important exemptions that are of significance 
; to > urban areas. These include projects on Federal lands, construction and 
a ‘maintenance by local governments, and construction by such important agencies _ 
_ asthe state Department of Tramsportation, 
“4 As elsewhere, erosion- and sedimentation-control plans in Georgia 
_ prepared and a permit obtained before specified land-distrubing activities may 
‘be undertaken. Plans must be reviewed by local s soil and water conservation 
districts before permits can be issued by local governments. Local governments 
have the option of adopting an ordinance which meets or exceeds minimum | 
_ requirements of the act or accepting the authority of the Georgia Environmental — 
- Protection Division to issue necessary permits, conduct inspections, and —— 
-Tules until such time as an acceptable ordinance is adopted locally. pidasacaiars 
‘By March 1979, , 90 of Georgia’s 159 counties and 147 of 531 mosiperies 
municipalities had adopted local ordinances. The intent of the act wastoencourage 
local adoption of ordinances rather than statewide regulation; however, nearly 


half of the counties and about 70% of the incorporated municipalities have 
While the ie exempted activities leave many important types of land- disturbing — 
activities uncovered, the Georgia Division of Environmental Protection believes + 
= may be alternative means for dealing with these. Federal projects are 
_ subject to internal agency guidelines and project canaans The Georgia 
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for erosion and sedimentation problems. 
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ee or for failure of local governments to enforce their ordinances. 
The George Water Quality Act may also be of some help in this regard. 4 
j under th that act provide fo for enforcement action in cases involving land-disturbing 
activity. A unique provision empowers the state Environmental Protection 
Division to issue permits for nonpoint sources of pollution. This has potential — 
for application to erosion and sedimentation cee eaters 
_ Stormwater Quality Management.—There has been a growing awareness of 
_ pollutional effects of stormwater runoff on the quality of water in receiving: x 
watercourses : since ‘this phenomenon was first investigated by the U.S. Public _ 
. Service more than 20 yr ago. The present concern has its rcots in Section | 
208 of the Federal Water Pollution Control Act which calls for the re. me 


/ F of the planning process has been on nonpoint sources of pollution from :polinon. 


Gay runoff. Urban areas are viewed as an important source of nonpoint pollution. 


= The act and : subsequent ‘regulations < called for the governors of the various 
states to designate areawide planning agencies capable of carrying out the 208 & 
= planning process in highly urbanized and industrialized areas and to assume 
this responsiblity for all undesignated areas. The national program is administered 
by the the United States Environmental Protection pont (EPA) which ‘operates 


for the planning pro process subject | to EPA guidelines, review, and 


Planning under Section 208 has been the primary mechanism for gs te 
‘ P 


existing and future s stormwater system improvement necessary to meet aie % 
water quality standards and estimates the costs of such improvements. Since 7 
designating concentrated storm-sewer discharges as point sources in 1976, EPA ¥ 4 
: been attempting to develop an appropriate approach to the permitting of . i 
such discharges. Proposed regulations are expected to clarify the Federal 
_ permitting strategy and provide direction for state stormwater permitting activities, 
a Final regulations on storm sewer permits and best management practices hav 
_ In contrast to the control of pollution from municipal, industrial, and other 
point source discharges, through waste reduction and treatment, emphasis on q 
correction of Pollution from nonpoint stormwater runoff has been on studies — 

and investigations to establish the cause-and-effect relationships and the develop- 
ment and adoption of best management practices to reduce pollution at the 
source. While there is general agreement that certain practices will enhance 
water quality, there is little quantifiable information available as to the effec- 

a tiveness of the practices in reducing pollution loads, effects on receiving water — 

courses, , and the benefits to be gained | through | pollution abatement. By and 
large, | the first generation of 208 reports have not met this | need, and further 

investigation is required before an array of best management practices can be — 
_ developed with any certainty of the relative benefits to costs involved. In the 


and sedimentation programs, short-term storage in ¢ in detention basins, improved a 


bs meantime, improvements have been realized through the adoption of erosion 
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4 of pollution from stormwater runoff may lie in the full integration of water z 


_ quality management with other aspects of urban stormwater management. The __ 


rather than just the rie appearance of the ‘street. - Drainage and detention 
_ systems can be designed for residue collection and removal as well as for the 2 
control of flooding. Buffer strips along urban streams can serve as filtering 
devices for overland runoff in addition to more limited landscaping objectives. _ 
There are many opportunities for implementing control measures short « of the — 
mandatory imposition of best management practices. Again, the key is to consider 
3 drainage and detention, erosion- and sedimentation-control, flood plain manage- 
ment, and the control of pollution from stormwater runoff as interrelated—not 
isolated—elements of urban stormwater management. = 
‘State designation of areawide agencies for 208 planning has varied from a 
high of 12 in Florida ‘to 2 ‘in North Carolina. |. Objectives and procedures used © 
|G the designated agencies have been highly ve variable, and the final products 
reflect this. Some agencies have undertaken detailed monitoring strategies in 
: effort to develop reliable data on the effects of various land-use practices 
on associated stormwater runoff quality. Others have relied on model studies 
and other forms of estimation utilizing published data from investigations — 
> The Alabama Water Improvement Commission has expressed general satisfac- 
tion with causal data and other findings from two of its three areawide agency 
. studies. One, a study of the Mobile region, is reported to have identified the 
; source of pollution responsible for the deterioration of bacteriological quality 
in Mobile Bay and closure of oyster-growing areas. The response from other 
_ State agencies is more cautious and less hopeful that the first-generation reports 
_ have met their objectives of providing a basis for the management of nonpoint 
source pollution from urban stormwater runoff. 
_ Florida appears to have moved furthest toward a management program while 
a sharing the views of sister states that reliable data on pollution from stormwater 
q runoff is not yet sufficient to firmly establish cause-and- effect relationships 
x and the relative effectiveness of best management practices. Florida anticipates 
_ that such information will eventually flow from the 208 program. The state 
Department of Environmental Regulation has taken steps toward management 
of stormwater discharges by initiating a regulatory process. This will be refined 
and ext extended as better information develops. Rules have been adopted requiring 
the reporting of all new stormwater discharges. If the | department determines 
that such discharges will have significant impact on water quality, permits will 
te required. Existing discharges are also subject to permitting authority if a 
determined to have significant impact. There is provision for delegation of this — 
thority to local or regional governments where they demonstrate the capability 
_ The relationship of water er quality to other aspects of stormwater management 
is ‘reported to be tangibly recognized in Florida. Rulemaking has been initiated 
& establish a state-level process for the selection of Federal water resource 
projects through which the projects will be encouraged to include water-quality 
‘management Flood | control and drainage projects, for will 


: 208 program provides at least a partial vehicle for this objective. The effectiveness | as. 7 
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‘ be expected to “ne detention to reduce pollution as well as to meet other | 
_ objectives. Florida has embarked upon a ‘Statewide regulatory and management 
‘strategy to substantially reduce water-quality degradation from stormwater runoff 
_ with emphasis on local implementation. The biggest problems are viewed as 
~ lack of sound data, inadequate knowledge of the efficacy of management practices, 
and insufficient resources and personnel to do the job. ee et Se 
a is the only southeastern state other than Florida to have specifi of 
legislative authorization for the management and permitting of both point and 
nonpoint sources of pollution. Past efforts have been focused on domestic and — 
industrial point sources. As elsewhere in the region, efforts are now being made | 
to evaluate the significance of nonpoint stormwater runoff sources through the 
208 planning process. Permits are not presently required for storm- or combined- 
_ sewer outfalls, since no significant efforts have yet be been made de by the Stat io 
Environmental Protection Division to evaluate the ‘magnitude and impact of by 
associated pollution loads or to demonstrate impairment of beneficial uses of _ 
water. The 201 Facilities Planning Program is being used to evaluate the impact 
of combined sewer overflows and costs of remedial works for the — s five 
The preparation of the urban stormwater element of the statewide 208 plan 
-~ Georgia proved untenable because of lack of sufficient information to identify a 
areas throughout nondesignated portions of the state where urban stormwater 
was causing water-quality problems. Instead, emphasis was placed on develop- _ 
ment of an overall nonpoint source modeling strategy to generate the information _ 
_ necessary to evaluate urban stormwater quality problems. The specific objective os 


of the strategy has been to provide guidance for the incorporation of nonpoint 3 


source wasteload allocation methods into the state’s strategy for water-quality 
management. The strategy report (1978) concluded that sufficient data do not 
- now exist to quantify the magnitude of nonpoint source pollution in Georgia a 
or the effectiveness of nonpoint source control measures. The development of 
an overall State strategy for management of urban stormwater is the objective — | 
of 2 an on-g< going study funded by a a supplemental 208 grant. Its we are to: fot 3 
y 1. Compile and evaluate existing stormwater data. oT 
_ 2. Conduct a statistical analysis of available water quality data to determine _ 
== the impact of stormwater runoff on water quality can be evaluated — 
3. Evaluate biological and physical characteristics of streams and drainage ~ P 
_ 4, Review urban stormwater runoff assessment and | monitoring techniques 
7 Wy 5. Describe current stormwater management te techniques i in selected urban areas. : 
* 7. Recommend activities necessary to support the development of a lens 
id statewide approach to the management of urban stormwater runoff. = 
4% _ Inadequate information remains the most significant impediment to the man- J 
agement of stormwater quality in Georgia. Other related problems are the massive _ 
costs of urban stormwater treatment and institutional problems associated with — 


-| 


ates is ve to Florida and 
oe with the exception of legislative authorization for regulatory programs. a 


“the present state- -of-the- art and reflect present limitations in ‘this area. They 

are not action documents and must be viewed as only first steps in the development & 

_of comprehensive statewide plans. Lack of reliable data on cause-and-effect 
between stormwater runoff and impact on receiving water courses 


in this field. Virginia | Teports that it is currently developing a 


management program to implement best management practices in 


q costs of remedial practices is the principal limitation to greater progress = - 


; with identified urban runoff problems. Implementation will rely on the availabilty, 
technical and financial assistance to the top-priority 
Investigations by some areawide 208 agencies, state agencies, and the Tennessee 
Valley Authority have concluded that urban streams in general suffer from _ 
severe biological degradation. This is attributed to surface runoff, leaking sewers, - 
- unpermitted point discharges, solid waste, and erosion. Some of these sources, 
at least, are subject to control under existing state and Federal programs and 
- need not be viewed as a part of the urban stormwater runoff phenomenon. 
But the: runoff ‘component remains elusive. The Environmental Protection 


area in Florida; Winston-Salem, North Waccamaw, = 

_ Carolina; and Washington, D.C. Each will investigate a different hydrological —_— 
‘pattern of interesttothe region. 


Th The implementation of urban stormwater management programs is the function = 
of local governments. Insights into local programs were provided by reports 
(1) on slected municipal and regional programs and analyses (1) of local stormwater 
_ management ordinances. The former were provided by spokesmen for Mobile, _ 7 
_ Alabama; Tampa, Florida; the South Florida Water Management District; the _ 
Atlanta Regional Commission; Charlotte, North Carolina; Knoxville-Knox 
_ County, Tennessee; Nashville, Tennessee; and Fairfax County, Virginia. Critiques 
_ on urban stormwater management ordinances were presented by analysts from 
_ the Georgia Institute of Technology and the University of North Carolina at 
Drainage and Detention. —Growing | recognition of the need for improved 
_ drainage and detention systems in metropolitan areas has been a rather a 
Tampa first established a drainage section within its 
4 of Public Works in 1940. Mobile evidenced little interest in | improving — . 


“drainage until 1972 when action by the legislature to remove municipal immunity 
from lawsuits involving damage from improper drainage, coupled with severe 
ae rainfall and flooding, sharpened awareness of the problem. Accelerated = 
_ development following World War II, with its wholesale transformation of 
- iland- -use and related hydrology, was undoubtedly the controlling factor. — - 
Be The types of problems encountered and response at the local level are heavily 
influenced by the topography and hydrology each area. Tes 
i 
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Florida experience e1 encompasses s low flatlands and high water tables where wetland 

_ reclamation, drainage, and flood control have been matters of long-term concern. 
Cities like Mobile first occupied the flood plain and then expanded into the © 
2 adjacent hills. - Drainage problems there ‘tend to focus at the ¢ juncture of fast-moving — 


formations. Underground aclution channels provide the principal drainage .. 
_ at many locations. Sinkhole, rather than surface drainage, is found Geonghent. 
_ area. The Atlanta Metropolitan Region straddles a subcontinental ridgeline : 
_ with half the drainage flowing to the Atlantic Ocean and half to the Gulf of = 


4 Mexico. Many streams originate within the ; Tegion, , are small, and perticalatty 


vulnerable to pollution. Urbanization of headwater basins is also characteristic a 
of Charlotte and many other metropolitan areas of the region. 
. The need for detention in urban stormwater management is also costly 
associated with local topography and hydrology. In Florida, this can be attributed 4 
to to the difficulties of draining flat topography, need | for large conduits at very, 


high cost ‘of such p projects. The Tampa system includes 50. detention besies, 


_ and the city is considering more through the purchase of properties in flood-hazard — 7 


areas for this purpose. Detention basins are viewed as more cost effective 
than reconstruction or improvement of the existing overloaded drainage system F. 
Mobile must provide detention wherever possible to dampen the impact of 
high-velocity upland waters on tidewater areas. These range from siting in 1a 
flood-hazard areas where structures can be relocated to increased use of park — 
reservoirs and new upstream detention facilities. Knoxville is now requiring 
7 S= to incorporate detention facilities when in the public interest. Detention — 
‘structures are included in virtually all new developments in DeKalb County 
_ Development in Fairfax County, Virginia, adjacent to Washington, D.C., has" 
~~. accompanied by the construction of P.L. 566 small watershed flood-retarding | 
4 Operational problems have both common and site-specific characteristics. The — 
: ‘most severe of these has been the question of maintenance. DeKalb County - 


has begun to assume responsibility for the ‘maintenance « of new w facilities, though — dy 


_ owners retain responsibility for older ones. Tampa has found that maintenance 
requires continuous attention. It has experienced poor water quality and mosquito 
breeding. Fairfax County maintains all P. L. 566 reservoirs and other detention _ 
basins serving individual homes and condominiums. All other facilities are st 
‘maintained by the owners. Maintenance agreements are executed before a 
of development plans and are recorded as a covenant to the property. A 
silt-removal program involving annual dredging of the P.l. 566 impoundments — 


Nh The use of detention basins has been accompanied by other supportive measures _ 
at some locations with mixed results. Tampa reports that infiltration facilities _ 


can be useful, but that poor maintenance by owners has made the city reluctant — 


failure. Underground retention through large perforated pipes surrounded with 
open graded aggregate in n trenche es is viewed as an alternative to detention basins. 


4 
| 
— 
| 
to use them. Porous asphalt is used for parking areas, though there is concern — os 
sealing and reduced permeability through deposition of sediments in aggregate 
 « 7 voids. It is accepted only when runoff can be otherwise retained in event of 7 
| 
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Fairfax County permits infiltration pits, rooftop s storage, tot 
and underground detention as well as detention ponds. Ro BE ama 
a Design criteria for drainage and detention range from no increase in ould: 
ze discharges over those experienced under predevelopment conditions 
to the retantion of a 10-yr frequency storm. DeKalb County, in the Atlanta 
_ Metropolitan Region, now specifies that the stormwater runoff rate cannot be 
4 increased by more than | cfs (0. 028 m 
This requires the inclusion of detention structures in 1 virtually all new development. 
3 Developers are required to prepare hydrologic / hydraulic studies for each — 
be spite of widespread interest in the use of detention, several —— 
SS unresolved. These include: the question of haperceapin effects of many a 


= liability; and n maintenance responsibilities. There i isa a high level of i interest 
_ toon local governments and in the development community in resolving = 
Several local government initiatives are of particular interest. 
localized drainage problems. ‘Projects must involve drainage from 
maintained streets, associated property damage, and areas of less than | sq 
5 mile. Cost sharing is two-thirds city and one-third area property owners. Drainage % ‘ 
: 2 petitions must be signed by 51% of landowners in the drainage basin. The 
& public response has been overwhelming, though there are some problems. Property — 
owners whose runoff contributes to flooding, but who are not affected, are 
reluctant to pay their share of the assessment. The 51% provision also presents _ 
_ some difficulty in that this proportion of a drainage-basin population is rarely 
4 interested in a single project. When flooding is is severe, the city can order correction — 


in a 48-mile long, 4000-ft wide corridor centered on the Chattahoochee ieee: 

_ The underlying philosophy is that land development should be tailored to the 

; natural features of the land. The corridor is divided into six land- vulnerability =— 7 
categories defined by the composite weighting of vegetation, soils, hydrology, 
ape geology. The Plan specifies maximum land clearance and percent _ 
; impervious surface for developments in each category. Construction within =— 
si ft and land clearance within 50 ft of the river is prohibited. ~scheow dell 


be by standards of the next least vulnerability if detention 


Fairfax County.—Fairfax County initiated the of Master 


' lans for major streams and tributaries in 1971. The objectives are to prevent — 


} 


flooding; prevent severe channel erosion and interruption of traffic by flooding; 
and to protect aquatic ecosystems, wildlife habitat, parks, and recreation areas. 
An immediate-action plan identifes and describes improvements to make existing 

- drainage systems capable of handling current stormwater runoff. A future basin : 4 
plan serves as the basis for projected development patterns and land-use plans. ta 
Costs of drainage facilities are prorated back up into watershed segments and 


into cost/cfs increase in flow. If the peak runoff rate | ‘is estimated 


| 
| 
| 


to the rate in n undeveloped condition for a 2- hr, frequency storm, 
- developers are required to fund their proportion of all required downstream | 
g 7 facilities. Assessments can be offset to the extent that on-site detention reduces _ 
the projected increased runoff. 
Be Flood Plain Management.—Local flood plain management programs have been 
heavily influenced by historic siting decisions, _ topographic and hydrologic Z 
3 conditions, and participation in the Federal Flood Insurance Program. Old Mobile, 0 
7 f or example, was built on the flood plain, and much prime industrial and residential 
property is located there. Because of this and emphasis on industrial development, 
the city has moved slowly in this area. There was strong opposition by real-estate 
- development interests to the adoption of a flood plain ordinance until they 
found that they could not secure flood insurance without it. Minimum elevations 
for industry floor levels are waived if the city is held blameless in event of 
_ flood damage. Leniency is also shown for residential construction where 5-ft _ 
- elevation above sea level is sometimes permitted if structures are safe from 
- The Corps of Engineers has wey substantial contributions to local flood 
Pain management—particularly in Charlotte and Nashville. Their study of | the 
main urban watershed in Charlotte encompassed flood-damage potential, recrea- 4 
tion, water quality, and other aspects of watershed management. Field surveys — 
included measurement of first-floor or living-space elevations of structures and — 
cross sections of stream channels. The data are being used to develop relationships 
7 = floor elevations and flood elevations up to a 500-yr frequency. Potential 7 


damages will be “computed in 1-ft increments for a range of flood-frequency _ 
periods. Nonstructural alternatives will be considered. These can now include 
land acquisition on an 80/20 Federal-state cost-sharing basis. The Charlotte — 
program restricts flood plain development in ail water-sheds in excess of l-sq_ 
mile (2.59- km’) area. Signs identifying flood districts are erected as a public 
information and enforcement aid. Development of land bordering streams cannot 
BE: include structures subject to flooding or damage by a 100-yr flood. Final flood = 
_ elevations, maps, and flood insurance rates have been established, and some : 
780 policies have been purchased. to 
_ The Cumberland River at Nashville crested above the 100-yr level in 1975, 
_and this heightened local interest in flood plain management and other flood- 
damage reduction alternatives. Corps of Engineer studies have produced flood — a] 
frequency-damage relationships similar to Charlotte. Reconnaissance studies have | 
q Bccy undertaken to determine if structural, nonstructural, or a combination of 
a flood-damage reduction measures are economically feasible and desired by local oe 
interests. These will include a preliminary assessment of the effects of future 
Po : development i in the watershed on flood levels. ‘Comprehensive plans may contain - 
; small headwater detention reservoirs, a system of levees and one-sided channel — 
improvement in urban areas, relocation, floodproofing, combined recreation and 
river overflow areas, and early-warning systems. Public participation is a vital 
part of the planning process. Many people question the use of tax dollars for 
.j flood-damage reduction and hold the vi view that persons Subject to flooding have 
only | themselves to blame and the ; government should not bail them out. Lack 
. of continuity among elected officials and technical staffs, low priority for 
_ flood-damage reduction at state and local level, opposition to building restrictions 
_ and zoning by! real- estate interests, and lack of early involvement of local interests _ 


| 


4 ‘in the planning process have been problems. 
‘The Fairfax County program started in advance of the Federal Flood Insurance q 
Program through a cooperative effort with the U.S. Geological Survey (USGS) | 

to delineate flood plains. It was also shaped to some extent by the county ‘-s 
participation in the P.L. 566 Small Watershed Program. There is a strong 
encouragement to leave flood plains in their natural state and the land-use oe 

- contains greenbelt areas traversing some of the major streams. Land uses in 
100-yr flood plains are restricted to those with a low w damage potential. Any — 
use that has the potential for changing hydrologic or hydraulic characteristics 
of flood plains require special engineering study before approval. Such changes _ 

_ are monitored, and the flood plain boundaries are revised to take them = 
account. The county holds the view that successful flood plain management 
reqiures © keeping delineations up to date and maintaining compliance with — 

_ Experience in the Atlanta Metropolitan. Region demonstrates. again that cost 

effectiveness is not always the deciding factor in considering flood plain 

management alternatives. The most cost-effective solution to the reduction of 
flood damage in two highly urbanized watersheds was found to be evacuation — 
and flooding. Despite the availability of Federal funds, there was little local 

support because of perceived community disruption and effects of floodproofing. j 

a Local erosion and sedimentation programs follow the pattern laid down by ite 

_ State legislation. Where there is no legislation, there are no local programs. 

- -Itwas to be expected, therefore, that only Charlotte- -Mecklenburg County, Fairfax 

: County, and Atlanta would have meaningful programs in place. The Charlotte- 

Mecklenburg County has adopted an ordinance and program that complies with | 

_ the North Carolina Sedimentation Control Act. Current problems include lack 

_ of understanding of the intent of state and local regulations. An additional 

education effort is needed. Difficulty has been experienced with court enforce- 

_ ment. This has been particularly true where landowners have been in a state ~<_ 
¥ Fairfax County initiated an erosion and sedimentation control program under 

PLL. 566 prior to passage of the Virginia legislation. It has since been — 
updated. Erosion and Sedimentation Control and Public Facil Facilities Manuals 


_ provide guidelines and details of compliance for the various county agencies 
_ involved and specify engineering criteria for control plans. Annual training courses 
are provided to update inspectors’ skills, 
_ All counties and larger municipalities in the Atlanta Metropolitan Region have 4 
- local ordinances, but less than one-half of the jurisdictions have ordinances _ 
approved by the ‘State. The ‘reason for this has been the absence 


_ water -conservation districts, : as required by state law. Larger jurisdictions feel 
7; oo to conduct review, while the smaller ones are content to rely on 
the districts. Because Georgia law provides only general standards, “much 
discretion is left to the developer and reviewing official. Implementation is 
the exclusive i of the developer. In larger jurisdictions | where ct 
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of than | 5 acre leaves 2 significant of 
vied? 
| 
_&§ Local as well as state concern for the effects of stormwater discharges on 
- the quality of receiving waters has largely mirrored Federal interest expressed _ 
in Section 208 of the 1972 amendments to the Federal Water Pollution Control 
Act. While urban drainage systems were constructed with only stormwater | 
quantity in mind, some contained features that have a significant effect on 
an quality. In Tampa where extensive use has been made of detention basins, ’ 
ott example, there is the opportunity to capture at least part of the first flush < 
effects of runoff. Criteria of the South Florida Water Management District 
“now require retention of the first inch of runoff, or the runoff from a 3-yr 
storm, whichever is greater. This is normally accomplished through a system “* 
_ of freeboard. About one-fourth to one-half of the first flush can be retained 
_ The situation in Mobile may be more typical. Here, the 208 plan has identified _ 
four meine -options—all related to street “residue. They include trash 


3 is believed to be the most 


of reliable data to relate land | use and stormwater quality to effects 


f= Council of Government of which Fairfax County i is a part. The stormwater- 
quality problems here are the continuing sedimentation and deteriorating quality 


The 208 areawide study in this region has included ‘extensive sampling and 
_ analysis of the relationship between land-use types and pollution loadings. Basin 
_ water quality models have been prepared and calibrated. Correlations have been = 
developed to estimate the effects of best management practices on receiving-water 
- quality. Models are now being evaluated. Local officials believe that existing 
erosion and sedimentation policies and controls will accomplish major water- 4 
- Most older and larger cities in the” Southeast have combined sewer sr systems, ms, 
- and stormwater bypass with accumulated system residues is an important problem. 
| ‘The Atlanta system has 10 major combined sewer overflows. Present plans — 
- call for a small amount of sewer separation, capture, storage, , and secondary 


_ Protection of relatively undeveloped urban watersheds for public water ter supply a 
can also be a concern. Atlanta has adopted a stormwater runoff control program 5 
and zoning to protect such watersheds. Development pressures are likely to 
» encourage zoning variances and rezoning problems. Neither the state nor the — 
J Atlanta Regional Commission has authority to insist on strict adherence to the 
program. There is also a question as to the adequacy evenifenforced. 
_ Local Stormwater Ordinances.—Analyses of local drainage ordinances and 
programs led to a number of significant and wer 
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Many ut urban drainage and erosion control ordinances are ines adopted as 
a result of Federal and State mandates without a community commitment to 
- their implementation and the costs and manpower needs this commitment would 
entail. An ordinance should represent community policy concerning stormwater 
 —— and should be adopted only after carefui study and understanding ~ 
. requirements for implementation. Technical and administrative detail should — 
: be contained in other reference documents which are more subject to modification 
as needs arise. Manuals should be approved by local government and incorporated 
‘ by reference in the ordinance if they are to have the force of law. = 
” Technical manuals should present examples in such detail that a design engineer 
can determine what is generally expected. Several design examples should be 
given, along with citations of references of additional criteria, with latitude — 
for the engineer to use his imagination and technical judgment. They should — 
suggest and inform rather than limit and prescribe. 
‘The advantages and disadvantages of flexible and specified criteria and 
standards must be carefully weighed. Ideally, a local program should 
sufficiently flexible to encourage | an engineer to devise an optimum solution 
for each problem. To do this, local government must have sufficient qualified 
people to evaluate each project on a case-by-case basis. Inter-relationships 
between the existing system and proposed projects will have to be assessed. 
Meny—# not most—smaller communities may not have this capability and 


attained. Yet, these ' will limit opportunities to realize the most socially ‘acceptable a 
’ and cost-effective solutions. The trade-offs between the two approaches need 
_ to be assessed in light of a community’s capability and commitment to administer ial 
_ The drafting of a ‘stormwater ordinance should be a team effort representing 
"departments of engineering, public works, planning, and legal affairs. Its prospects q 
_ for implementation are low if it is not acceptable to any of these departments. __ 
on The ordinance will also affect many different interest groups, and local support — 
their involvement. Public participation should be integrated into 
the initial phases when problems and issues are resolved and not limited to : 
a. While model ordinances have their role, circumstances may be quite different Ps 
_ than visualized, and local government should be careful to tailor the model - 
ordinance to address its own local conditions, problems, policies, objectives, 


q No ordinance can cover alll ll possible situations, and provision for the ; issuance 4 


4 destroy the effectiveness of an ordinance when abused. Special use permits 
should be carefully prescribed with specified procedures to be followed in their 
ieee of a stormwater system can be a serious problem. The ordinance — 
should state clearly what parts of the system will be maintained by local» 
, government and private interests and the terms and conditions of such mainte 


_ Stormwater ordinances are only as strong as local governments’ desire or 
- ability to enforce them. Enforcement of such ordinances has always had a 
low Priority. Part Past of the problem arises from imbalance in in emphasis" between 
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‘establishing programs and making them work once The assumption 
bi ‘that property owners will voluntarily comply is not necessarily 1 well founded. — 
The regulations work well when officials give sufficient thought as to how 
oa they are likely to be avoided and then work to close loopholes. They do an@ be 
° work well when they are elaborate and require the exercise of discretion in 
the face of strong developer and property-owner opposition. Administrative — 
remedies | may prove to be far effective than litigation. The withholding 
ofa permit or refusal to take action on one matter until there is compliance — e 
on another can be very effective. Field inspection is of critical importance 
to enforcement. To reduce cost, some cities have adopted random spot checking © 
5; with heavy fines for violations. This procedure can encourage self-maintenance ~ 
— by owners, reduce the number of ‘inspections, and raise funds for for program 
Finally, the regulatory dealing with drainage and detention, flood 


be in a unified urban stormwater management program. Each 

is related to the other, and they cannot be addressed adequately if separated. — 
a Unfortunately, state enabling legislation does not generally reflect this n need. 
Inadequate enabling legislation is generally a limiting factor in the integration 


) of local stormwater programs. Unless a local unit of government functions under — 


_ @ special grant of power from its legislature, it must depend upon specific _ 
state law to exercise the authority it desires. Local jurisdictions considering — 
the adoption of stormwater ordinances should first determine whether existing 
_ Stormwater ordinances should be cross-referenced to and integrated with —< 


types of development regulations such as zoning and subdivision ordinances. 
_ Flood-hazard area regulations, in particular, should be integrated and coordinated — 
with other land-use seguiations. A convenient way to do this is to establish — 
7 flood hazard ‘‘overlay zones.”” Development in such zones must conform to 
both the regulations of the “conventional Zoning district and to the special my 
\ a regulations applicable to the zones of the flood-hazard maps. Drainage ordinances 
ay be cross-referenced to local subdivision ordinances by: (1) Including flood - 
4 Gam elevation information on all development plans; (2) including a require- _ 
ment in subdivision ordinances that suitable easements be given where subdivi- 
sions are crossed by a watercourse or drainageway; (3) tying soil-erosion and 
| iieeneies control regulations into the subdivision plat approval procedure; 
and (4) by clarifying and describing drainage improvements required under 
= subdivision ordinances and enabling statutes by reference to a flood- and 
erosion-control handbook or manuale 
ss The question of cost allocation is important. Costs to meet additional drainage — 
wore in developed areas may be imposed through special assessments or 
a establishment of local service districts. Zoning and subdivision ordinances can 
~ be used for cost allocation in areas under development. Courts have generally 
& held that developers can be required to bear the full cost of on-site improvements 
constructed for the sole benefit of the proposed development. Explicit enabling 
legislation is needed to uphold a requirement that developers provide funds — 
to local government for the construction of such facilities in lieu of direct 


a a construction by the developer. The key issue is the statutory basis for | cost 
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oak four areas of urban stormwater and detention, 
flood plain management, erosion and sedimentation ion. and stormwater _ 


= re Many ordinances pertaining tc to urban stormwater r management are e being : 
= adopted without a community commitment to their implementation and the costs | 
and manpower needs this commitment would entail. Adoption of an — 
- not an end in itself. Additional emphasis must be given to the commitment 
of the resources required for implementation and enforcement b before an — > 
Ordinances, in general, should be concerned with and 
‘Matters, not engineering criteria, design standards, or administrative detail. Tey 
- should serve as policy statements and the technical and administrative detail 
- should be contained in other reference documents more amenable to vrdaing 
4. Local governments considering the adoption of an ordinance 
determine whether state enabling legislation is adequate. 
_ §, The drafting of ordinances should be carried out by an Ae 
_ team representing all departments that will play a significant role in solving 
stormwater management problems. Local support of ordinances ni necessitates 


= be integrated into ‘the initial phases and ‘not be limited ‘to review and — 
endorsement of the final products. con 
_ 6. Model ordinances and ordinances borrowed from other communities must 7 
be carefully evaluated by local government to tailor these to local goals, objectives, — 
” 7. On-site detention is still subject to debate. Further research is needed 
on the legal, maintenance, and hydrologic aspects of detention facilities. Local 
_ governments should go into detention programs only after careful consideration a 
of the total commitment required. 
8. Most small communities have neither the resources nor the knowledge = 
_ required f for effective stormwater management. There is need for the development — 
_ of informational packets on urban stormwater management for smaller communi- i 
_ ties. These should provide detailed, step-by-step guidance for the design of _ 
“focal programs. City engineers and planners should be much better trained in a 


_ the tools and techniques of stormwater management. New technology should 
be diffused throughout the professions that are concerned with stormwater. = 
The technology should be effective and make sense economically so that it © 
9. Many larger cities also appear to have great dif ficulty i in mounting effective — 
 stormwater-management More attention should be given to the political 
(10. The most significant problem associated with flood plain management — 
at the local level has been the lack of monitoring to determine compliance 
_ with commitments under the Federal Flood Insurance Program relative to the 


_ be addressed as a whole within a unified stormwater management program and as 
| 
| : 
4 
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11. Many local governments do not have the Mending and 
to carry ¢ out } their obligations under ‘the Flood Insurance Program 


_ 12. Failure of public agencies to forcefully administer sediment-control pro ; 
4 grams, the unwillingness of some local governments to assume this responsibility, _ 
- and limited regulatory staffs at state and local levels have been the principal 4 


problems in the four southeastern states with erosion- and sedimentation- -control . 


13. There i is reason to believe that developers and contractors might be more a 
; supportive of erosion- and sedimentation-control programs if they pocagnined 
_ that compliance can be beneficial to them as well as to the community at la at large. 
Intensified education in this area is indicated. 
While there is general agreement that certain land-u: practices enhance 


tiveness of practices in reducing pollution from urban stormwater runoff, the 7 
effects on receiving waters, and the benefits to be gained through reduction — 
of pollution from this source. First-generation 208 studies have not met this 
need. Proposed USEPA and USGS investigations are expected to contribute 
"substantial n new information. Continued research is strongly encouraged. 
we Investigations under the 208 program tend to suggest that urban ie 
: general, suffer severe biological degradation attributable to surface — 
leaking sewers, unauthorized point source discharges, solid 
and sedimentation. A more rigorous enforcement of existing laws and ordinances 
pertaining to many of these sources would go far toward remedying the urban = 
_ pollution problem. Cities should be encouraged to undertake the monitoring : 
and data collection needed to determine the source and magnitude of urban 
water-quality problems so that corrective actions can be taken. pie ; 
16. Florida has initiated the region’s first statewide permitting program for 4 
: discharges from drainage systems. This is should be fo! followed closely to —— 
efficacy and potential value to other states. ying 
17. Local government must realize its primary role in stormwater r management 
(SWM). Public works agencies should be encouraged to include SWM in their 
scope of responsibilities and advocate responsible total programs before their _ 
18. More research is needed on the causes of urban “nonpoint 
However, it is inevitable that there will never be enough money available for 
_ structural solutions across the land, outside of large concentrated urban areas. . 
Therefore, state and local governments should act now to do as much as — 


with the tools and techniques available. on 
1991. Tp 
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‘SAMPLING TO | CHARACTERIZE STREAM 


By Christopher Clarkson,' p WwW. Male,” Associate 


4 


Problem Statement.—The design of a program for obtaining representative 

samples from the cross section of a stream may require considerable knowledge — 

of the mixing characteristics of the stream. These characteristics are usually — 

a 

unknown, necessitating assumptions about the dispersion of pollutants in the 

‘stream cross section. Often the unrealistic assumption of complete mixing of 

a pollutant is assumed for convenience. This paper will present a rationale 4 


and a format for sampling in a cross sontion through development of a procedure - 
that requires a small number of Samples to © characterize a plume ina stream. 


the plume, and the potential i is , shown for r obtaining re representative samples ne oll 

_ the benefit of detailed information on the stream. 

_ Background.—lIt is common to find that sampling | programs are designed under 
the assumption that the cross section of a stream is homogeneous (2,12,15), 
y although ‘it is commonly recognized that this simplifying assumption is not 


‘al in many « cases. Many authors (4,5,8,9,10,11,13,14,18,22) have investi- rf 


gated the phenomenon of mixing in a stream and have presented various s empirical — 
analytical methods for characterizing vertical, and transverse 

mixing. If one follows their examples, presumably, samples taken —— 
im a stream cross section that is completely mixed will be representative of 


r - oo quality i in that area, and d sampling need not be extensive. ‘If complete- mixing c 


_ _ conditions do not exist, then one must either find the most representative point 
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= 
t which to in the cross section, c or one is several — 
in the cross section to estimate mean concentrations. Kittrell (15) suggests 
sampling at the quarter points, or failing this, at midstream. Based on preliminary 
- examination of Schleeweis’ (21) data taken in a cross section of the Connecticut 
River downstream from two sewage ; treatment plants, Sanders ies suggests ;- 
Sanders, et al. (18) also studied the distance a pollutant n must travel in a 
stream before it can be assumed to be completely mixed (the mixing length). 4 
It is probable that several discharges may enter a stream within the mixing El 
length of a given plume. As the discharges to a stream may occur almost Amr 
and will be of variable quality and rate _ of flow, it is unlikely that a reach 
_ can be found which is homogeneous in iven this circumstance, 
it is desirable to be able to estimate water quality characteristics at a cross _ 
_ Section without having to either: (1) Assume complete mixing; or (2) collect 
_ This paper will describe a method by which grab samples taken in the transect 
. of a stream may be used to describe several properties of a plume contained 
. in that stream. By doing so, the average water quality in the stream section | 
can be determined without having to assume complete mixing. The following _ 
analysis consists of two parts; the first is directed toward the characteristics 2 
of a plume and the second considers the plume as a part of the entire stream. , 
meee relationships eo gh of the normal distribution will be used to 


section of a state plume and to estimate mass flux in the plume. The 


_least- -squares procedure is applied to both simulated and measured data. The 
4 procedure enables determination of the minimum number of A sory required 
from the cross section of a plume to characterize the plume. 4 
The second part of the paper ' will address the entire stream cross section, 
. of which the plume cross section is a part. Since the location and the extent 
of dispersion of the plume are not known prior to sampling, enough samples | 
_ must be taken in the stream cross section to allow detection and characterization © , . 
_ of the plume. The negative binomial distribution is examined as a means by 
_ which to determine the number of samples from the stream cross section necessary is 
_ to determine characteristics of a plume contained within that section. Se pill tind 
To clarify y the use of the word ‘‘sample,”’ the following distinctions are made: 
The water in a single bottle will be referred to as a grab sample while a set 
of grab samples taken at the same depth in the cross section will be referred 
to as a transect sample. For simplicity, uniform concentration of the plume 
_ in the vertical will be assumed. In addition, it will be assumed that grab samples” 
taken horizontally a across the transect at spaced intervals. 
_ If not influenced by channel boundaries or severe turbulence, the steady-state = 
"discharge to as stream from a point source outfall forms a plume which disperses - 
a laterally and vertically in a fashion which may bes characterized as a normal a 
or Gaussian distribution (4,6,19,20). There are three basic characteristics of 


a plume so formed which are of interest: ( I) The longitudinal line traced by 


| 
) 
1 
| 


“the: center of concentration; @ ‘the extent t to » become 
ae in the cross section; and (3) the total mass flux of the plume. These — 
a characteristics will be called center, spread, and flux, respectively, and 
they will be examined i in a two-dimensional transect in the stream. Unless 
otherwise indicated, all consideration of spread will be in reference to lateral ; 
one only. The terms center, spread, and flux will be used to distinguish 
= 4 among characteristics of the plume itself for the necessary calculation and 
, description of a mean and standard deviation for each of these characteristics. 
_Center and spread in a plume are analogous to the mean and the standard — 
deviation, respectively, of anormal density distribution, 
For the case of a single, undisturbed, steady-state point discharge to the 
center of a stream, the concentrations of several grab samples taken at the | 
same depth but at different points in the cross section appear as shown in 
_ Fig. 1. The figure depicts a typical transect sample, accompanied by a fitted 
It will be assumed in this paper that before its edges have reached the stream 
bank, the lateral distribution of a plume may be considered to be Gaussian. 
" a In the Gaussian distribution, the abscissa represents the attribute being considered 
and the corresponding ordinate represents the frequency of the magnitude of 
the attribute. Making an analogy (Fig. 1), the dye concentrations may be 


represented on the ordinate and lateral position on the abscissa. 
A general expression for the ordinates of a normal raat pete is S given by: a 


=y (x ,, ¥,5) = | ] exp | -— 


in xX and s = the mean and standard deviation, respectively; 

and x, = values of the parameter of 

OA plot of y, versus x, yields a curve of unit area. An analogous expression — wil 

which may 7 used * Pt a normal curve to a histogram is given by Dixon ; 


in which M M = the number of cases observed; J = length of class interval 
used to draw the histogram; and IM/s represents the » height of curve for a 
histogram of total area JM. The value JM therefore represents a scale factor _ x 
needed to describe a curve with other than unit area. In this application, M 
is analogous to a summation of concentrations measured in a transect sample 
from the plume, and J represents the distance between sampling points. It is 
assumed that all grab samples are equally spaced in the cross section. 
§ In the coordinate system used in reference to a stream, X, Y, and Z represent 
the longitudinal, lateral, and vertical directions, respectively. Substituting values 
of Y, (lateral position in the plume) for x, (in Eq. 2) on the abscissa yields 
an expression which may be used to find concentration at a given gues in 
a plume when the center (¥) a and spread (S) of the plume are known: “ 
$054) 


«= 
| 
q 
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sampling points, , (L); M = sum of measured concentrations in a transect ae + 
(M/L’*); S = spread, (L); Y. Y, = lateral location, (L); and Y=. center, »(L). 
+ a Eq. 3 would be an appropriate exp expression to use in calculating concentrations 
14 at various points Y, in the cross section of a stream, provided that the other : 
‘ parameters are known. It should be noted that Eq. 3 is correctly used to generate __ 
concentrations for a set of points which are all at the same depth. If a eng 
is not uniformly m mixed vertically, transect samples drawn from — — ae 
will y yield unique concentration distribution curves. | “teh 
_ Mass flux may be found by considering the stream cross section to be ph al oa 
of a number of cells formed by defining C columns across the transect and a 
Rrows fi rom the nface to the bottom of the 


(© DYE CONCENTRATION 


BEST FIT NORMAL CURVE 


Normal Curve (1ft=0.305m) 


in sa cross section, the flow q, in each cell i is } given by: sat 


in which Q = stream flow, (L’/ /T); R= of rows, dimensionless; 


= 2, 2, GeMn) 
in which m,, = concentration in cell jk, jk, (M/L? 


there is a distribution, with the in each [ow 


width; 


«Ss which u u = average stream velocity, (L/ /T), 3 and H = stream depth, (L). 


Thus, Eq. 7 | provides a means to « © determine mass flux from the scale factor ~ 


aabaial were presented in the preceding section to describe relationships 
among several factors descriptive of the behavior | of a pollutant in a stream. 
The most important concept is the analogy drawn between the normal distribution - 
and the characteristics of a plume. In Eq. 3 for the normal curve, the only 
parameters which would be known after drawing a transect sample from the aa 
cross section | are pairs of C, and Y, at a given depth, whereas IM, and 
Y, which are unknown, are needed to reconstruct the plume and to determine 
| 
_ To find these unknowns, the criterion of 1 minimizing . the sum of id a 
differences (SSD) has been used to obtain the normal curve that best fits 
ae concentration data and thus, to obtain the best estimates of IM, _ 


S, and Y. The sum of squared differences is found by: 

(Cm, — Cp,)’ 


in which Cm, ,=a . measured or simulation value for concentration; and Cp, =~ 
= a concentration predicted byEq.3. 
Measured or Simulated Concentrations, Cm,. .—Values of Cm , were determined 
in two two basic ways: (1) By measurement, and (2) by 
were generated using two different approaches. ogre 
_ The first simulation method for calculating 4 set of values 0 of Cm, used Eq. a 


e second method used s (5) 
to the three-dimensional, advection and dispersion, partial differential equation 
(4). This will be called the 3D-SS solution. Dispersion coefficients for the 
steady-state case were obtained using Fischer’s @, 9) expressions, and dimensions _ 
_ were specified that approximated the Connecticut River in Massachusetts. _— 
‘ complete description of the equation and input parameters is f found in Clarkson — a 
... The third method for: determining values of Cm, involved the use of measured _ 
e field data. Steady-state dye tracer studies were performed on a channelized 
- genton of the Mill River in Northampton, Mass. A fluorescent dye was used | 
to establish a steady-state plume in the stream, from which transect samples — 
were drawn below the point of dye injection. 
b a Grab samples were taken in a three dimensional array ‘representing different 
= longhedinel locations transects downstream) and lateral and vertical 


reas 
— 
il 
Or WhHICD values an were specified. alues 0 were seicc 
a nd h Ort nonding va we ated he 
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points in transect. A description « of the sampling ‘equipment and 


Predicted Concentrations and Least Curve Fitting Procedure. 


set of values of Cp; which results in the smallest SSD when compared with 

corresponding values of Cm, represents the normal curve which can be most 

closely forced to fit values of Cm,. 
- To find the best fit normal curve, an initial guess is specified for each of a 
three unknowns, JM, S, and and an increment or step siz size is specified 

by which each of | these will be changed. Twenty-seven points ; are e generated 

each representing a different combination of JM, S, and Y. Values of Y,previously _ 
selected are substituted into Eq. 3 to calculate a corresponding set of predicted — 
values of Cp, at each of the twenty-seven points. Eq. 8 is then applied at 
each point to calculate an SSD, and the twenty-seven SSDs are systematically — 
7 compared to select the smallest. The values of JM, S, and Y associated with — 
_ this point become a new starting point and the procedure is repeated. Repetition 
_coatinaes until a minimum SSD has been found. The associated values of JM, _ 

S, and Y so selected may be taken as the solutions, for when they are substituted 
into Eq. 3, the values of Cp, calculated fall on the normal curve that best 
* (in a least squares sense) the set of values of Cm, . The accuracy of these 

solutions will be determined in part by | ‘the initial values and step sizes specified. * 
In general, different starting points will result in solutions which differ, but 
4 which do not differ appreciably, especially when the procedure is pioiaiel 
to allow for a steadily decreasing step length. The risk of obtaining a solution 7 
at a local rather than a global minimum SSD is greatly reduced by pal 
: the procedure with different initial values of JM, S, and a If the resultant — 

sets of solutions agree, | then a global minimum has probably been found. In e 
this application, the “i of f possible values for S and Yis effectively y eoiaies 


Gaussian: Case.—The ; gradient search curve fitting | procedure was first tested - 
“using the Gaussian case, with and without error, and with specees vanes y 
for S, ¥, and IM, to verify its accuracy and precision. To simplify the analysis, 
_ and since flux and the scale factor are related by a constant, flux will be considered 
the unknown and the scale will not be reported directly: 


Pane 1,000 , 


»y Results reported in this and the following subsection were developed as follows: : 
4 Simulations w were made for several numbers (n) of grab samples in each transect 
‘sample. For a given \ value of n, the curve fitting procedure was $ repeated N 
times to generate N values for each of the three unknowns S, Y, and flux. 
The N values of center, as an example, were then compiled to calculate a 


“mean and standard deviation for a oven n. Ine eddition, 99% confidence intervals oa 


\ 


were determined. boa 490198001 | yuo! 


EES 
calculate CP, (C, in Eq. 3). By ‘systematically altering 
Ig | 


te The of simulation with error = Error = 10%) are 
. presented in ' Table 1. For purposes of comparison, the results with | no error 
added are presented in the left hand portion of Table 2. In Col. 6 of Table 
1, the extreme of the 99% confidence interval from the mean is ; listed as g 
percentage of the mean. The column “‘deviation from known’’ gives the greatest 


4 


percentage deviation in the confidence interval from the known value. This — 
tabulation is repeated for each value of n, , for each of the unknowns. oy. ep, 
For ee, io in Table 1, as an example, the information may be interpreted ed to 


by the | anks 


(17.86 | 47.22 
-$8.98-61.28 | 1.91 | 1.66 
56 

-$8.89-61.87 
—-§8.34-61.98 


05-435.05 
398. 92-403. 34 
396. 80-401. 48 


22.0582 125.20-170.54 
152.04 | 7959 | 146.08-158.00 
148.27 | 3 9434 | 144.22- 152.32 
148.59 
ale 147.99 


_ Note: S = 60.2791 ft; Y Fa 400 ft; G = 148.89 eale x = 500 ft: and | ft = 0.305 m. | 


- indicate that the average flux for ten transect samples of four grab samples 
: each i is 152.04 mg/ s with a standard deviation of 5.80 mg / s. The 99% confidence 
interval suggests that for 99 out of 100 samples, i.e., if N = 100, the average 
zg may be expected to lie between 146 mg/s and 158 mg/s. The greatest 
Tange of the confidence limits from actual flux is about —16%, for m = 2. | 
te last column shows the percent of total flux (the experimental tracer injection 


Tate, determined. rmined. aw wale: hie 


the expression for the ordinates of a distribution (Eq. 3) 


7 4 
4 
ar from | from | Total § 
; op | mean, | known,| flux ye 
ty 99% asa asa | asa 
Gg | 10} 60.09 | 2.0517 | 
| 10 60.38 | 1.4485 @ 
40 | 10] 6016 | 1.7671 Gen 
the 10 | 401.13 | 2.1538 om 
| 10} 399.14 | 2.2758 0.59 heh ‘ 
| 400.03 2.4522 397.51-402.55 | 0.63 | 064) 
«400.56 | 1.4927 399.03-402.09 | 0.38 | 0.52 
— "15.33 | -15.91 | 99.31 
3.92 6.12 | 102.12 
2.73 99.58 1 
2.47 | -267 | 9980 | 
— 
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‘used to generate both simulated and predicted values in the gra gradient 
‘search, it is to be expected that the least squares line so obtained should fit 
well. For the case in which no error was added (Table 2) the average solutions — 
are excellent and their respective standard deviations, which are quite small se 
begin with, decrease with increasingm. 
sl ‘When error is added to each value of Cm, the solutions obtained are still a 
quite good excepting the case of n = 2. For n = 2, the solutions for center _ 
= flux are reasonable — their respective standard deviations are high. 


tion 
= 


“cent 


0.3106} | 64] 1.9943 
0.4942} | 

0.0201 

0.0022 


34.8173 
2.3286 
0.7964 
0.0245 
0.0033 


’ *S = 60.2791 ft, Y = 400 ft, G = 148.89 mg/s, ey ft. 

b 

Y = 400 ft, G = 150 mg/s, X = 500 ft. " 

©N = 10 for all 3D-SS experiments; | ft = 0.305 m. 2 


_ For spread, both the average value and its “associated standard deviation are 
high. The standard deviation for flux shows a | decreasing trend for increasing ~ 
such a trend is not as certain for center and spread. 

_ Three Dimensional Steady-State Case.—In this phase, the 3D-SS rather | than 
the Gaussian expression was used to generate values of Cm,. Both center and 
flux are specified beforehand and may be used to verify results. Spread is 
= known. Table 2, which shows the results of simulations with 3D- SS, is” 


best —— with the Gaussian no error case. The standard deviation for 


| 
FABLE 2.—Plu 4 4 
—_ Gaussian, No Error® 8D-SS, No | __3D-SS. Error 
vey J from iy y 
a ord as 4 | Stan- | asa 
dard | per- dard dard per- 
N | Mean tion n | Mean tion Mean tion age i 
5S | 60.30] 0.0320] 0.12] 4] 51.50 
| 60.28 | 0.0028] 0.00] 6 | 52.40 
| 4 | 60.28] 0.0001] 0.00} 8 | 52.68 
| 3 | 60.28| 0.0000] 0.00 | 10 | 52.69 
1 ]399.99] | 400.62 | 48.0306] 12.50] 2 | 425.38 | 46.2888 
5 | 400.00 | 0.0351) 0.01 400.51] 1.4189] 0.49] 4 | 400.15] 1.5878 045 
| 400.00 | 0.0053} 0.00 | 6 | 400.09] 0.4001} 0.13 399.91 1.8058] 
‘ 6 | 4 | 400.00] 0.0010] 0.00] 8 400.01] 0.0077} 0.01] 8 399.43] 1.5346] -0.54 
| 3. | 400.00 | 0.0000] 0.00 | 10 | 400.00] 0.0011] 0.00] 10 | 399.25] 1.5340] -0.58 
4 
=| | 2 109.05 —51.15| 2 | 132.42 | 44.4531] —43.61 
5 | 148.92] 0.0472] 0.07 | 4 | 146.54 -3.90| 4 | 149.85] 6.9812] —4.88 
| 7 | 148.88 | 0.0000) -0.03 148.21 -1.74| 6 | 147.24 $.3400 “350 
| 4 | 148.88 | O.0018) -0.01) 148.30 8 | 151.77] 3.2625] 3.41 
3. | 148.88 | 0.0000] 0.01 | 10 | 148.32 -1.12] 10 | 149.31] 4.5229] -3.56 
d 
i 
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values for center and | flux have been nicely determined for all 7 n excepting flux 
= when n = 2. Spread itself is not known, however, the search procedure quickly 
approaches a constant value,form=4orgreater. | 
In both the Gaussian and 3D-SS cases, the flux and center of concentration _ 
are correctly « determined while there is some discrepancy i in the apparent extent 
7 2 to which the plume has expanded laterally. The discrepancy is explained by . 
g - the fact that the tails of a normal distribution theoretically extend to plus and 
minus infinity. The 3D-SS case, however, is limited by the banks of the stream. 
_ The standard deviation of a Gaussian distribution delimits a range above aa 7 : 
below the mean within which 68.26% of the probability density lies. In this : 
application, one standard deviation using the Gaussian expression indicates the __ 
range within which 68% of the dye mass is found. Since it is a normal curve _ 
4 which the gradient search forces through values of Cm, generated by 3D-SS, _ 
the value for spread (which is a measure of standard deviation for the — 2 
= as a whole) would still imply a range within which 68% of dye mass 


lateral dispersion | as _ considered by Diachishin (6), Holley (14), and Sayre and 


The right hand portion of Table 2 shows the 3D- -SS case to which setts 
’ error has been added. In comparing the two 3D-SS cases it should become y 
nia apparent that, despite the presence of error, the gradient search ch procedure me _ 
determines the three unknowns quite well, except when n 


ie: Several experiments were conducted which are more fully , described i in Clarkson = 
(3) and Adrian et al. (1). In these studies the longitudinal distance —— fF 
5 injection and sampling (xX iN the lateral injection point, and the total mass flux 


were encountered, however, when the longitudinal distance (x ) reached a 
_ exceeded 4,500 (1,372) and when the point of injection was brought to within 


__ The amount of computer time required for solution convergence varied — 


for several values of n (values of n a9 3 4, 6, 8, and 10. were “ghee ; 
in general, much more computer time was required for a transect sample of — 


n = 2 or n = 3 than for a sample of larger size. 


‘The ability to obtain: a good fit depends not only upon the initial values — 
of spread, center, and flux specified for the search, but also upon the number <a | 
f ling t lected. It is apparent that ‘satisfactory results may not 
of sampling points selec pp y y 
: be expected for m = 2 or for nm = 3, but that at least four grab samples will ap 
vi be required from the plume to as reasonable confidence in the results of , 
Field Data Case.—Steady-state dye tracer studies were performed in a stream | 
to collect field data that could be used to test the curve fitting procedure mentioned 
in the preceeding sections. A typical dye concentration distribution and stream 
bottom profile are shown in Fig. 2. The data depicted in Fig. 2 may be viewed © 
as six transect samples, each taken at a different cope: ee the 


4 
Pach OF The Three knowns Grons steady With increasing while the 
| 


dye appears to be from ‘side to side ‘roughly eniform 
- in concentration from surface to bottom - When the data from a a row 


‘is observed. The data in Fig. . 1 were obtained at a depth of 1.5 ft (.46 -— 
and at a distance of 186 ft (56.7 m) from the injection point. The lateral position 
of the injection point was 22.7ft(6.9m), 
& Using the gradient search procedure, field measurements were substituted 
into Eq. 8 for Cm,, and Eq. 3 was used for values of Cp,. As before, starting — 
values for S, FY, and IM were substituted into Eq. 3 to initiate the search. 
The results for the third row of the illustrative case are shown in Table 3. ms 
A complete analysis of the transect is found in Table 4. The transect a 


; 
Boch 


j 


fod 


; s 2.—Dye Concentrations for Typical Transect, in parts per per billion (1 ft = 0.305 
ae to the bottom was not analyzed because its ‘component grab samples 
-werenotalltaken atthe same depth 
In general, the search procedure worked well with field data although there 
were some transect samples which were apparently not normally distributed, 
q which the procedure would fail to converge despite running for a eoemmenesere on 
The most obvious problem with ‘the search procedure lies in its failure . 
‘determine mass flux accurately. In general, the predicted values were low. This es a 
problem can be attributed to the fact that ideal conditions were assumed in ms 
the torn Uniform prismatic channel, constant uniform velocity, and uniform 


— 
oun 
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STREAM PLUMES 


2 compensate for nonideal ‘conditions in | the stream, velocity 


found. A correction factor of 1. 28 w was derived, and when applied to , the results, s g 
improved the the predicted values for flux. corrected values appear in Table 4. 
Size Requirements in STREAM Section. 
_ The question of the number of grab samples required from a plume to * 
_ characterize the plume was addressed earlier. In this section, analysis will address 
7 the sample size required from the cross section of the stream when the location © 


nai TABLE 3. —Comparison of Measured Concentrations with Concentrations o of Normal 
_ Curve, in parts per billion 


d) | G, (fitted 


5 


Taking the simple case of a single dye cloud or plume, a plane drawn 
"perpendicular to the direction of flow may be pictured as two sets, i.e., one, = 
the area of the plume which is a subset of the second, the total area of the 
cross section. If a single horizontal line in the transect is examined, the width 
w of the plume is a subset of the stream width W. If each location in Ww 
Se does or does not contain dye (disregarding ‘relative: ‘concentration, or 
concentration distribution), then each grab sample drawn may be considered | 
to be a Bernoulli experiment, and a set of samples drawn a set of Bernoulli = 
trials where the probability of success p of "drawing a grab sample containing 3 


dye is given by fuding Rs. Diss, of | andar 


noted are. 


| 

q 


of trials required i is random and i is equal to the number of successes and f: ailures. 
hele S, denote the auasber of failures encountered prior to the rth success: a 


in which p = the he probability of success; q = one minus p; and j = the number y is 
Of failures prior to the rth success. . The mean and variance of - are given 
rs E(S,)=—... 


var (S, my 


‘Finally, let T ‘denote the number of trials required to obtain r successes of a 
TABLE 4.—Summary Tabulations for I Muswative Cross ss Section 


4 “Spread, 


(3) 


Average vertical | 
eoncentration 


“Percentage of known flux (10.29 mg/s) derived transect 


probability p, in which S, is defined earlier. ‘Then: bus 
P(T=j+r)= I for 1, 2, 
Since E(S,) = Biter lo of! 16) 
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: _ The negative binomial distribution may be used to analyze Bernoulli trials. ary 
. r The negative binomial distribution treats the case in which Bernoulli trials are , 4 
| 
a 24.87 | 147.90 
4 


dee 
the cross section to obtain r successes when the probability of success is p. ¥ g 
‘This relationship, shown in the right hand side eof Fig. 3, may be be used i in several 4 


ways, e. g.. ., if twenty grab samples" are taken in the cross section and six of a 
- them i in a cluster contain some substance of interest, then it may be surmised 


a transect and it is desired to have four grab samples from which to estimate 
i spread, and flux, twenty grab seine SS be taken in the cross -— 
section. Using Eq. 17, E(T)= r/p= =4/2 = 20. al 
Costs and availability of resources ; must also be taken into account in err cr 
a sampling program. Assuming that costs vary directly with the number of | 
_ Samples to be processed, one might conceivably generate a cost function related 
to measurement of each parameter of interest. Adding a cost function, as shown 
in the left hand side of Fig. 3 provides a simple method to relate costs with - 
the sample size apap aie mentioned aoe: If $1,000 can be allocated 


CESSES 


ining Successes Various Levels of Probability, P 


to a ‘aca program ye it costs $40 to collect and ‘analyze. each, grab sample, “6 
25 samples may be taken. If the relationship of p with distance X is known > se 
from previous sampling experience in relation to a particular outfall, the right- hand 


_ side of Fig. 3 could be entered with T = 25 to see how many successes r 


"This px paper offers new perspectives on a problem which should be addressed 
= in the design of a river basin monitoring program: How to go about —s 
_ samples in a stream cross section. By combining plume simulation with a gradient — 
_ search curve fitting procedure: (1) A means is provided by which to characterize ool 
a pollutant plume by finding its mass Gas, center of concentration and standard 


: is determined which are needed from the cross section of the plume to estimate . a 
these characteristics. indicate that as" as four grab samples from 


it tha here jc nlume in Pam with nrohahil: — {) | 
q 

FIG. 3 Trials 7, and Likelihood 

= 
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om section of the plume are sufficient to determine the ase 
The plume characterizing procedure analyzes grab samples taken directly from q 
the plume. If the lateral position of a pollutant in a stream is not known, sampling ' 
: will have to be done in the entire cross section to be sure of drawing samples — | 
from the plume. The negative binomial distribution offers some insight  _ a | 
determining how many grab samples to draw | from the entire cross section to a a 
= be able to characterize a constituent plume. A consideration of cost factors = 
_ The procedure for characterizing a plume was tested with experimental data. . 
The results show that cross-sectional samples which might normally be used 
only to determine a mean concentration may in fact yield considerably i 
useful information on the water quality of a stream. 
The ability to extract useful information from grab samples taken in a cross a 
‘ section indicates that monitoring agencies need not feel compelled to find actual — cou 


regions of complete mixing in which to sample, nor need they feel compelled 
to operate under the assumption of complete lateral mixing. If not held to : 
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= , of northern California water from the State Water Project (SWP), ote 
public consideration not only of fairly complex technical data, but also of | 
controversial socio-economic matters. In effect, the county stood atthe crossroads _ 
and chose between: (1) Importing costly, : albeit affordable, high quality — 
‘mental water from the California Aqueduct, which has an ; availability that might 
stimulate growth undesirably; and (2) pursuing local, lower yield, water resources — s 
- alternatives exclusively, while relying on local growth management and consumer 5 
conservation to limit demand. Various external pressures 2 added to the urgency 
and complexity of the decision, and its deliberations. 
_ This paper presents an overview of the technical, : socio-economic, environmen- 
tal, and political considerations that had a bearing in the county ’s decision. 
The purpose of the paper is to indicate how both traditional and innovative 
= supply alternatives were viewed by water purveyors, elected officials, ’ a 


various and the voting public. 


Santa Barbara County lies about 52 ‘miles (84 a west of the metropolitan 
Los Angeles area (see Fig. 1). The south coast of the county contains several — 
- urban communities, but north of the Santa Ynez Mountains, there are only | 


& scattered communities, including Vandenberg Air Force Base. Most of the county x 
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In addition to two municipally-owned upstream reservoirs on the Santa Ynez 4 

_ River, there is a much larger reservoir (Cachuma) on this river and another baa 

(Twitchell) on the Cuyama River, both of which were sponsored by the = 

Barbara County Water Agency, a county-wide special district, and constructed _ 

by the United States Bureau of Reclamation. Groundwater continues to 

the primary supply source of most of the county’ s water producers. ie a 


mountainous and lies withis within the | Los National Forest (see Fig. 2). 


In view of limitations in local supplies, county water planners realized two 
_ decades ago that under normal growth, supplemental water would eventuall 
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State Department of Water Resources with beginning 
at 1,200 acre- e-ft/yr (1.48 ha- m */yt), and building up to a 

of 57,700 acre- ft/yr (71.2 ha-m */yr) by 1980. 

_ At the local level, water districts followed traditional planning procedures — 

in arranging for sufficient water supply in advance of projected demands. The — 

public took these matters for granted, but became increasingly troubled by air 

pollution and some of the other adverse effects of urbanization. Thus, the 

California electorate generally awakened to the period of environmental awareness 


_ which began in the late 1960s. 
Santa Barbarans, in particular, had been aroused 7 the 1969 a well blowout — 


= 


i 


1 


imminent or r existing deficits would only ensure increased urbanization. “After 
the county’s consulting engineer rendered a report on the SWP and alternative 
supplies (1), the composition of the governing bodies of some south coast 
_ water districts began to change, reflecting this controversy. Water moratoria 
were declared by t three districts in 1972-1973, because deficits in firm supply 
“ ‘became aj apparent and various south coast water entities sponsored a separate — 
engineering study on water alternatives for the south coast (37). The report | 
intentionally limited its considerations for additional supply to the south coast, 
excluding consideration of jurisdicational, legal, and institutional matters. Of 
bos 
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then many alternatives analyzed, the most popular appeared to be local resources _ 

_ management, including conjunctive use of the surface water supplies of the — va 

Santa Ynez River with the ground-water basins of the south coast. sabres 7 

_ County Program of Action.—The Water Agency had been requested by various _ 
7 water entities to take the lead in planning for water resources in the county 

which would lead to a decision on water importation. The Agency agreed to * 


: undertake a so-called ‘‘Program of Action for Water Resources Planning,” this a 
= being an orderly and comprehensive series of investigations and reports . that a 


y 


would lead to a decision and implementation of (a) recommended project(s) 
©). Although badly split on the issue of state water importation, the Board 
of Directors adopted the ‘‘Program of Action’’ unanimously and recruited and 
_ hired an engineer-manager to direct this work, the o overview nal which follows. , 7 


in the Santa Barbara Channel. Growing numbers of these south coast residents a | 
fy "became concerned that uncontrolled urbanization would damage the unique a 
— 
q 


Water Agency staff conducted reconnaissance-level studies” of water 
demands and potential yields and costs of wastewater reclamation, watershed 
management, weather modification, desalination of saline waters, and ground- i 
water basins. Special assistance was obtained from consultants regarding local 
dams (2), costs of importing water from existing SWP facilities (4,11), conj ve 
use - operations (10), and operational aspects of the SWP (3). To help prepare 
for the water bond election, the Agency used a municipal financing consultant — a 
>), bond counsel (16), and a special consultant for environmental and water 
resources that consolidated the findings of the previous studies into a single 
environmental document (13), 
_ Water Demands.—Information was obtained and analyzed on historic, current, 
and projected land use, population growth, . urban water use, and agricultural 
water use. Five incorporated cities, eight special water districts, Vanderberg 
_ Air Force Base, and various county agencies contributed data. Demands were 
is correlated with zoning and actual land use, including demand suppression through 
- water demand study results came to be among the most a 
a of those made, because of the implications of falleged growth induction by provision 
= between landowners, overlying ground- water basins and urban appropriators. y 
‘The staff attempted to steer a neutral course in these and other investigations, 
_and developed sensitivity analyses illustrating the influence of urban consumer 
é conservation on urban water demand. It was estimated that the unconstrained 
could be reduced by 14% if moderate. consumer conservation | were 
practiced; this was used as the basis for planning (20). Overall county per capita 
_ urban water demand was projected to be 205 gal/day (5.8 m’/day), while overall _ 
agricultural irrigation application rates were nearly 2.2 ft/ yr (0.66 m/yr). — > = 
Z - Wastewater Reclamation.—Five south coast public wastewater agencies operate 
_ secondary treatment plants and ocean outfalls for effluent disposal. The 1975- 1976 
4 population contributing to | these facilities was estimated ‘to be 1 170, 000, which — 
produced about 20,300 acre-ft/yr (25.1 x 10° ha- -m */yr) of ' wastewater, nearly 
“4 half of the municipal wastewater production in the county. The remainder, 
however, was used | almost entirely for agricultural irrigation, or else percolated — 
to usable aquifers. Thus, the only true potential for Creation of new water 
supply via reuse was on the urban south coast. 
_ Although the water Agency staff did not - conduct a prey survey vey of potential 
user demand for reclaimed wastewater, it did survey water and wastewater 2 
_ entities by a special questionnaire. The results of this effort and of separate £ 
_ studies by private consultants for certain wastewater agencies were used in — 
formulating wastewater reclamation project alternatives for the south coast. 
These entailed distribution systems s serving landscape irrigation and agricultural a 
-— intigation i in several areas, as well as s single, small industrial cooling water reuse. 
It was assumed that secondary treatment and disinfection would be fequired 
for disposal and that such treatment would be sufficient for the reuse projects 
proposed. _ Thus, the only capital, operations, and maintenance costs allocable 
the reuse projects were for distribution facilities ound lo 


_ and that dilution with freshwater w would. be required by health agencies, so * 
_ that reclaimed water would never represent more than 50% of the total natural - 
_ recharge. Secondary effluent would have to be given additional treatment by 
activated carbon adsorption and partial demineralization via reverse osmosis. 
for ground-water recharge by any means, and filtration would be required a 
: ‘additionally for. for injection. These provisions added to the economic and energy - 
‘The estimated yields of “new water’? from wastewater reclamation/reuse 
projects were about 9,330 acre-ft/yr (I. 5 ha-m’/yr) on the south coast, and 
- 200 acre-ft/yr (2.7 ha-m’/yr) in the Lompoc area. The majority of the flow . 
was projected to be used for agricultural irrigation but repayment capacity of 
_ commercial agriculture was questionable. There were also uncertainties of — 
usability on certain crops, due toquality, 
Watershed Management.—There are some I, 600,000 acres (650,000 h) in the 3 
_ major watersheds of Santa Barbara County, but less than 5% were considered 
manageable for water peoduction purposes. It was estimated that by a suitable 
program of controlled burning, herbicides, and mechanical control methods, = 
in areas having favorable slopes and soil characteristics ‘Might 


be converted to grasslands, + which evapotranspirate much less water than | does 7 


_ Chapparal (28). An estimated water yield of 0.2 acre-ft/yr/converted acre (247 
m°/yr/converted hectare) was applied to the 74,000 acres (30,000 —— 
manageable watershed to calculate a theoretical ultimate yield of about 14,000 
 acre-ft/yr (17 ha-m*/yr), with about half that realized by the year 2000, the | 
_ target date for planning. There was, of course, no assurance that such increased - 


runoff could be captured in reservoirs for beneficial use. There was genuine 
aa _ county fire department interest in programs of controlled burning as a fire = 
suppression measure, coupled with the United States Forest Service 
_ in watershed management for the overall long-range benefit of the Los Padres — 

_ National Forest. The county flood control engineer pointed out the potentials _ 
for siltation and, under adverse circumstances, for flooding. There was also 1 
concern about f potential siltation in Cachuma Reservoir, which could impair 
2 The Range Improvement Association strongly supported controlled burning 
_ of chapparal for range rejuvenation, improved cattle grazing, and wildlife 

4 nhancement. One of its officers was an outspoken opponent of the SWP proposal, ; 
and was was joined by two county supervisors and other SWP opponents in advocating 4 

7 watershed management as a major alternative to the SWP, suggesting considerably i 

+ ‘higher water yields than had been estimated by the Water Agency staff. 7 
_ Weather Modification.—Santa Barbara County has been the site of extensive, Se 
weather modification experiments in the past (15), and experience 
hel demonstrated | that increases in rainfall normally resulted from cloud seeding * 

in os either ground generators or aircraft. Rainfall augmentation of about 15% | 
appeared to be suitable for planning purposes; however this first had to be 
converted to increased runoff and, ultimately, to increased yields of reservoirs” 
and grovadswetes basins. For the reconnaissance-level studies of water supply 
alternatives, an approximation of rainfall and runoff data for the various — 
watersheds of the county was developed (24). ae 
Fore each watershed, base flow was dry weather runoff 


| | 


applications, and would not be conveniently available where demands ‘might 
» 


_ the purpose of incorporating current conditions and practices. Computer modeling 


estimated at about 184,000 acre-ft/yr (227 ha-m*/yr) for the entire county, 


conditions, then being deducted from wet runoff in each 


of several 30-day periods embracing rainstorms. The incremental runoff over 
base flow was plotted as a percentage of the measured rainfall for each period. 3 
_ From such analyses, stylized curves representing early season, midwinter, _ 7 
and spring conditions were drawn. For each data point on the curves, a 15% P| 
augmented rainfall was presumed, and a corresponding increase in the runoff _ 
at the appropriate point on the proper stylized curve was converted into a 
runoff quantity. This was done for each stream and usually about three or 
four storms each rainy s season for each of seven recent 
Weather appeared quite economical and productive—a long-range 
yield augmentation of some 25,400 acre-ft/yr (31 ha-m */yr) was indicated—but | 
there were concerns over possible flood damage liability, potential adverse : 
_ environmental impacts, and the uncertainty of cloud ‘seeding with respect to ; 
_ Desalination.—Consideration was given to improving the mineral quality (and 
_ ostensibly the market value) of reclaimed wastewater for landscape and agricul- — 
tural irrigation by means of partial desalination. The staff developed potential 


study projects for these and for pretreatment and partial desalting of certain 


oil field brines and d agricultural irrigation tailwater. t. Finally, potential seawater 
 desalting projects were studied for various south coast urban areas. ‘Although, 
theoretically, over 29,000 acre-ft/yr (36 ha-m*/yr) could be produced by 
- desalination (roughly half from municipal wastewater), the new water thus created 
would be relatively expensive, energy-intensive to produce, limited in potential — 


Ground-water Basins Studies.— Various United States Geological Survey studies 
a certain consultant reports on groundwater in the area were updated for 


a 


was employed where appropriate (24). The total safe yield for extractions “as 
a corresponding safe yield for consumptive use of about 135,000 acre-ft/yr 
ha-m’/yr). Current overdraft, on an extractions basis, was about 88,500 
_acre-ft/yr (109 ha-m’/yr), all of it in the north county, particularly in the Cuyama 
“ _ Valley. Calculations showed virtually all of the basins to have an adverse salt 
4 balance and a theoretical buildup of salts. Overdrafts were indicated in both 
the Lompoc and Santa Maria basins, but 1 no seawater intrusion was ron 
Local Dam Development Potentials. —The Santa Ynez River | is by 
three reservoirs and the Santa Maria River by one (on the Cuyama tributary). 
Consideration was given to the following possibilities: (1) Enlarging the largest 
Santa Ynez River reservoir (Cachuma); (2) constructing an impounding dam 
on a major downstream tributary to this river (Salsipuedes Creek); (3) developing — 


‘spreading grounds on the Santa Ynez and Santa Maria Rivers; (4) constructing 

_ an impounding dam on the Sisquoc River; and (5) constructing dams on various - 
south coast streams. The Cachuma Reservoir safe yield is about 24,800 acre- -f t/yr y 
G0. 6 ha-m’/yr), and is augmented by about 3,000 acre-ft/yr (3.7 ha-m >/yr) 
of Tecolote Tunnel infiltration. The reservoir yield had been en variously ¢ estimated 
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any dam _calargemeat could be undertaken until a comprehensive 
Pos feasibility study had so demonstrated. Upstream reservoirs were not attractive a 
for enlargement, due to geologic considerations, limited watersheds, ors severe 


on Salsipuedes Creek was costly, but a 50,000-acre-ft (61.7-ha-m’) 
reservoir would produce 6,530 acre-ft/yr (8.05 ha-m’/yr) when operated for — 
ground-water recharge. On the other hand, a Round Corral Reservoir on all 
aa River, with 82,000-acre-ft (101-ha-m’*) capacity would be very costly, 

and would only 6, 700 acre- ft/yr (8.3 ha-m when for 


4 Studies of south coast dam development potentials showed limited yields, > 
high costs, and serious risks of siltation due to the steep, limited watersheds, 
flashy runoff, and erosion potentials (23), 
a _¥ State Water Importation Costs.—Staff and consultant work on SWP water am 
inportation proceeded concurrently with the studies of local alternatives. The 
complexities, magnitude, and contractual implications « of importation ‘required 
“considerably more study than did many if local alternatives. A consultant prepared 
a report on a Ventura County route for SWP importation for the south coast 
(11), while the staff conducted a series of cost studies on coastal aqueduct - 
importation and intracounty distribution (18,27), including projected inflation. 
| Wawe pricing policies were adopted, which reflected actual costs to the point 
of delivery and commitments for future water deliveries obtained from = 
_ The staff's initial report on costs of state water (18) had indicated preliminary | 
unit costs ranging from $227/acre-ft ($0.184/m’°) in the Santa Maria Valley 
to as much as $570 acre-ft ($0. 462/m°*) for the Lompoc area, the former based ses || 
on a maximum entitlement importation, and the latter on a reduced | level ce 
_ importation. The cited unit costs were based on lave 1977 price levels, | full 
- capacity utilization, and general obligation bond financing. Pumping energy — ; 
were already acqumet to be very significant. The effects of escalating costs, 
energy requirements, DWR difficulties in meeting contractual obligations, and 
the open-ended nature of the water supply contract, were emphasized by the © = 
_ Conjunctive Use of Groundwater and Surface -Water.—Next to the state water 
ma importation itself, this alternative was the most controversial. It had widespread | 
appeal among environmentally-oriented persons and limited growth advocates, 
because of its ostensible emphasis on resource management rather than on 
development of new facilities. It had considerably less support from most water — 
engineers and attorneys, as well as water interests, in the area of surface water 
origin, the Santa Ynez River watershed. The general proposal was for ve mode : 


_ the operation of Cachuma Reservoir from safe yield mode to conjunctive mode 
(with south coast and certain Santa Ynez basin ground-water basins) permitting 
reservoir drawdown for maximum diversions during wet years. This would salvage nt 
certain surface water otherwise lost by evaporation or -unrecovered reservoir 

“= Bes During dry years, the bulk of the supply would come from the ground- -water 


basins, » which by then would have considerable water in storage. Inasmuch 


much as an 80% increase by trebling the e pe-ft/yr 
7 

| 


engineering, economic, jurisdictional, wat feasibility qu both 
: cates and skeptics alike agreed that a comprehensive study should be undertaken. % 
a. A two-phased consultant study was authorized, based on using data developed 
: _ by the consultant and other water entities and an existing computer model. 
The consultant’s first-phase report (10) indicated a yield of 10,000 acre-ft/yr- __ 
20,000 acre-ft/yr (12.3 ha-m */yt-23. 7 ha-m’/yr) could be expected from con- : 
junctive use operations of the Santa Ynez River reservoirs with the south om 
and Lompoc ground-water basins. However, the Lompoc basin would sustain z 
extreme water table fluctuations, and many doubted the feasibility of this a 
To provide an independent check on the potentials for conjunctive use yield, = 
the Agency staff analyzed the maximum potential of the river system to Provide — 
surplus for conjunctive operation with the local Santa Ynez Upland ground-water | 
basin and the south coast basins. A yield of about 10,000 acre-ft / yr (12.3 ha-m’/yr) _ 
appeared to be a reasonable upper limit (25), but a range of unit costs estimated © 
_ iby the staff indicated that conjunctive use would be more costly than previously 
‘supposed, due to the need for for substantial facilities for in-lieu surface deliveries, 
_ orartificial recharge and recovery, or both. Moreover, the estimated yield premise 
i was based upon a usable ground-water storage capacity of 200,000 acre-ft (247 
 ha-m *), and the yield included a 3,000-acre-ft/yr (3.7- ha-m’/ yr) component 
that supposedly could be realized simply by modifying downstream releases 
from the Cachuma Reservoir. Clearly, the availability of usable ee 
- basin storage for conjunctive operation was an important yield constraint, an - 
approximate ratio of storage to annual yield being on the order of 20:1. There 7 


was disagreement amoung various engineer representatives as to the proper 7 
; value of usable storage for planning purposes, some being more conservative a 
_ than others but all agreeing that definitive data should be systematically collected 
to this end. A special committee studied conjunctive use (33), but the recommen- a | 
Water Rights.—Rights to local water er supply were in dispute in a a number e 
of instances. To aid the appraisals of supply adequacy among various water 
entities, the staff identified various water rights, claims, and disagreements in 
a reconnaissance-level report (26). The validity of water rights obviously affects 
- the needs for supplemental supply on the parts of public agencies, water 
In one important case, the south coast agencies es and the Bureau of Reclamation 
opposed the water districts representing the Santa Ynez Valley before the State 
= Resources Control Board (SWRCB) regarding the latter’s claim - 


watershed-of-origin rights to the Santa Ynez River, including rights to appropriate | 
from riparian wells. The south coast and the Bureau protested that such — 
evelopment would indirectl y work a hardship on the south coast by reducing 
the yield of the Cachuma Project and depriving the south coast of flow, so_ 
that prior rights might be satisfied. The SWRCB found for the Santa Ynez 
Valley districts, thereby reducing the latter’s reliance on imported supply, although 
the Cachuma yield was not actually curtailed (9). 
in another key | case, the Goleta County Water District (GCWD), which had = 
= sued by certain landowners within its territory who had been denied water 
service filed a cross complaint and additionally named many private and patie 
enn and well operators within the Goleta Ground Water Basin | = 
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ae under the doctrine of public interest, noting the great expense it ed 
_ undertaken to supply GCWD inhabitants with water and the reliance they placed b: 

> upon such supply. The GCWD was actually deficient in supply, but had a 
public initiative-reinforced policy of favoring local supply developments over 2 
e new imported supply. The directors of the GCWD and other growth control i 
advocates had unsuccessfully urged the County Board of Supervisors to rescind — 
a policy of permitting the drilling of private wells for nonagricultural purposes _ 
74 __ within any water district where there was a declared water moratorium, contending a 4 
_ that such new wells would reduce the supply available to those already using = 
_ the basin. It was claimed that the Board’s first duty was to maintain supply — 
for those inhabitants it had already permitted by zoning and building permits, 
oe develop and occupy land, and not to diminish such supply by allowing others _ 
tointrude. However, county counsel advised that until such time as a ground-water. 
overdraft existed and a foreseeable threat to the public health became apparent, 
mh a prohibition could constitute an inverse taking by the county of water 
rights and essentially, of | the private property for which it would | be liable (38). ¥ 


basin safe yield, and not a higher value contended by certain land developers. — 
The Court also agreed that the district’s pumping as an appropriator had established 3 ' 
ag use priority in favor of the district. However, the Court reduced the 
_GCWD entitlement to basin yield from the level sought by the GCWD, from — 

_ considerations of correlative rights of overlying owners. 
Fs _ Overlying rights to groundwater had always been a fundamental of California thy 
water law, but this was now being questioned by Goleta’s public interest doctrine 
‘a by the Governor’s Commission to Investigate California Water ae 

Understandably, farmers and would-be land developers opposed any alteration Hi 
ofthe traditional water rright, while environmentalists and limited growth i advocates: 


Operations and Costs. =" was established that the SWP “existing 
Teal: ‘servation facilities had a capability of producing about 2,300,000 acre-ft / yr (2, 840 4 
 ha-m*/yr) based on 7-yr critical dry period (equivalent to 1928-1934 historical 
n 


4.2 The SWP had contracted for: 4,300,000 acre-ft /yr r depending or on the ¢ development | 
i _ of added water conservation projects to meet the buildup of demand. A special a 
a consultant report to the Water Agency (3) considered the reliability of the 
a. SWP, and the ways in which it might be made to coordinate with local sources. m. 
The report noted that ‘simultaneous ‘droughts i in both northern | and southern 


insurance against shortages. The county’: s contract was essentially for 
supply and therefore not subject to agricultural curtailments, as 
ae provided in the contract during shortages. Retention of its full entitlement by _ 
es county could partially protect its lesser subscription deliveries from dry _ 
om year curtailments, at a Price. Cachuma’ s yield could actually be augmented — 


OT he “SWP water would be very much lower in mineral content than local ; 
— (about one third lower on the average), and the ar s fe bee: 


had taken this quality factor i into account| in initial 
:- SWP water. The requests from purve purveyors indicated an initial desire for i 
about 33% of the county’s maximum entitlement, and an ultimate desire for - ¥ 
about 59% of maximum entitlement, which was somewhat lower than the original a 
concept. However, the full pipeline capacity for future deliveries would = 
; eX to be constructed at the outset, and payments revenues required from n limited = 
water sales during the buildup years, produced comparatively high 1 unit costs. hie = 
, Interest quickened in the possibilities of the county’s selling at least a portion * 
of its entitlements to aqueduct capacity and future water deliveries in the SWP. 
_ Opponents of importation desired all of the county’s existing adueduct capacity _ 
“to be disposed of, but many desired the DWR to undertake local projects to 
produce water under the contract in lieu | of imported water, as proposed by yo _ 
a DWR. Certain San Joaquin Valley water districts evinced interest in the A 
4 " county’s entitlements, but the DWR, would not permit transfer of entitlements _ 
among its water supply contractors, except on its own restrictive terms. — 
Meanwhile, rising annual payments to the state from property taxes were becoming 
bond proposal was offered by the flood control and water conservation 
district, as a countywide ballot measure for $120,000,000 in revenue bonds, 
for the construction and financing of the in-county facilities. Connecting state 
4 General obligation bond financing of in-county facilities was denied by the 
statewide Proposition 13 initiative, leaving revenue bonds at higher interest rates 


without significant ad valorum tax assistance to support the project. The ballot 

- measure to finance the in-county facilities was set at $102,000,000, including be 

_ reserves and other costs. The 7-yr period for construction of both state and — > 
county facilities made forecasting inflation of costs a major problem. The state — 4 a 
: is obligated by the 1963 contract to finance and construct the aqueduct | from 
Se They would not do so unless the county was prepared to construc a 
_ Information Summary.—The Environmental and Water Resources Reconnais- 
~ sance report was published two months before the March 1979, election, and = 
"presented | at public hearings (15). This document provided a digest ag a 
preceding study reports, a1 reconnaissance assessment of impacts 
_ resulting from the proposed importation and various supply alternatives, and 
r analysis of growth inducement by added water supplies. A sensitivity analysis a 
_ of alternative growth rates (and future water demands) and their impacts on 
new water supply development was included. Table | presents an excerpt from = 
this analysis. Fig. 3 indicates the relative magnitude of the } purveyors’ SWP — 
subscriptions, the available water supplies, and alternatively projected demands 
and deficits. Fig. 4 presents a simplified illustration of yields and costs (early - 
1978 price levels) of alternative supply projects. 
7 As indicated in Table 1 and Fig. 3, importation from the SWP could do 


= 
a 


much to alleviate present and future water deficits in many county areas but 
would still leave 1 room for local resources development. Due to substantial costs, 4 
it was unlikely that a municipality would participate in, or undertake individually, 

more than one project, and then only to the oy necessary to reduce its 
own wn deficits, » OF improve its wate its water quality, or bot! 
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assistance by a of its > neighbors in ‘its ‘taking state water, 
but indirectly it could benefit rural water producers by furnishing more municipal _ 
‘needs from imported high quality water, leaving ground-water supplies for rural 
and agricultural use. Thus, it was likely that deficits would still exist even 
with importation. Agricultural-type districts and unorganized rural areas were | 
_ unwilling or unable to participate in project developments, even in some o of - 
the less expensive alternatives. 2 

¥ Having set the date for the election, the County Board of Supervisors was és 
unable to take a position on the proposal. Two members were staunch supporters 
TABLE 1.—Projected Deficits, and SWP Subscriptions, in 1 000 


Present Condition = 


tions 
(10) 


South coast urban 
24.68 


‘Subscrip- 


Santa Ynez Valley 
Lompoc and San 
Santa Maria 
Valley 
Toul, excluding 
Cuyama Valley 
and westerly 


> “Differences in supply values from the present to the y year 2000 are due to reservoir siltation, 
contractual reallocations of Cachuma entitlements, and increases in coastal ground-water 
due, to reduced outflows and consumptive use losses. te seutiones 
a *Condition A allowed for no growth at all in irrigated agricultural demands. Population fee ; 
was 1% annually, this being generally consonant with tentatively accepted county planning values. 4 
_ ©Condition B is the same as Condition A, except that agricultural growth is provided for as projected 
“Level of SWP subscriptions by the year 2000 for the 13 subscribing purveyors, plus an allowance _ 


4 Note: 1,000 


:. of SWP importation, and two others, who became supervisors in January 1977, 
_ were adamantly and vigorously opposed to it, and even led the opposition = 
committee. They signed the ballot arguments, pro and con, respectively. The 
4 fifth member sponsored a special panel group to examine the complex issues, 
; a subsequently taking a position of neutrality. His chief reservations about the 
b- _ SWP proposal were in its growth-inducing potentials. Even a 3 to 2 position 
A: . the Board of Supervisors was unobtainable. On a split vote, the Board approved 


countywide dissemination of an information sheet via newspaper inserts for 


| 
— 
~  Condi- | Condi 
Santa 2000 |__ tionA" |  tionB | 
Barbara | | De- | Def- | sup- De- | Def-| De- 
ply | mabe ply mand mand 
(2)_ | (3) | (4) (5) @ 
46.73 | (1.33)| 45.00] 51.11 6.11 $8.33 13.33 13.70 
| 25.47 | 0.79 | 23.77] 26.21] 2.44) 23.66 | @.11)] 2.68 
28.55 | 35.82 7.27 29.40 37.05 | 7.65} 42.92 | 13.52 © ey 4 
65.80 | 81.93 | 16.13 | 67.50] 84.73 | 17.23] 91.60 |24.10] 11.25 a 
south coast | 189.95 | 22.86 | 165.67 | 199.10 | 33.43] 216.51 |50.84| 36.98 
j 
| 


_ own information sheet in a local newspaper generally sympathetic to this view. & - 
= The election campaign became quite emotional, because the stakes were 


‘community groups throughout the county. Project opponents representing growth a 
limitation were well organized and attacked the SWP proposal from many angles, 
questioning staff reports and figures and claiming oversubscription by the 

_ purveyors. They stressed the high cost of the supplemental SWP water, and © 
alleged its unreliability, its growth-inducing potentials, and the absence of a ee 
true need for it when water demands were curtailed, and less environmentally- 
disruptive local alternatives were pursued. These arguments contained some 


eng: of truth and well-prepared pro advocates were not in evidence. The > 
DEMAND, CONDITION B, TABLE {2 
— DEMAND, CONDITION A, TABLE 1 2 
FIRM WATER SUPPLY, ALL somes 


DEFICITS, BASED ON CONDITION 


q 1. DATA EXCLUDES CUYAMA VALLEY AND WESTERN 
CONCEPTION AS WELL AS S/LT fe 
"LEACHING AND DRAINAGE WA ‘ 
2. TWITOHELL RESERVOIR. TS “OPERATED FOR 
GROUND MATER RECHARGE. 
3. 1,000 ACRE-FT = #12335 hed 


FIG. 3.—Relative ma magnitude of Purveyors’ SWP Subscriptions, Available Water sup 
plies, and Alternatively Projected Demands and Deficits 
& program was also alleged to be more capital-intensive and many local — 
alternatives appeared relatively attractive in theory. The arguments qucinaing 
their practicability were generally discounted by importation opponents. Staff i 
engineers were constrained by the split opinions of | the Board of Supervisors 
against taking any advocate position. 
_ Arguments arose against the importation on the basis of facilitating urbanization 
of agricultural lands by driving land values up so high that urban pressures 
would become irresistible. A counter argument was used that without adequate _ 7 
e water, agriculture would be forced out by priority demands for municipal water — 


F for urban development, which normally used less water consumptively ~ 

agriculture. Land use:control by control of water shortage was felt by many 

to be more positive than land use control by general plan and zoning administration 9 as 

nm which could be changed or or relaxed by ac actions of elected bodies. dipeiie fous 
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“The « ry had delayed is in ations a new was 
_ Should have facilitated demand projections, and this was taken to be an additional ; 
reason by project “opponents to reject the bond proposal. They argued that al 

tr supply should not be made available beyond the quantities yet to be 4 

_ determined by the new plan when adopted. Normal considerations for prudent _ 
a . for supply reserves and system flexibility were attacked as as ‘being — | 
; ‘The newspapers’ letters to the editors reflected the multifaceted coaoverny 
as the campaign went on. Citizens’ organizations took positions on the proposal, _ 

_ and most were in opposition. They were joined conspicuously by two state 

legislators representing the area. The GCWD Board « of Directors ‘Presented its” 


DSO —DESALTING OIL BRINE LOCAL SPREADING GROUNDS PROJECTS 


illustration of Yields and of Supply Projects 


own advisory ballot proposal for a reclaimed wastewater irrigation project 
disparaged the SWP proposal in its ballot information. The local branch of 
the University of California is centered within the district, and the students _ 
and academic community | for the most part were enthusiastically opposed to 
the SWP measure for g growth | reasons. Only a relatively few conservative ond 
traditional organizations, such as certain chambers of commerce, ‘rural water 
: districts, and the County Farm Bureau, came out in support of the SWP proposal. _ 
- Individual water purveyors and cities favored the proposal, hs were cautious 
due to their own Proposition 13 tax constraints. = bee wel 
_ Two outspoken SWP opponents from the southern Delta appeared before | 


- Board of Supervisors two weeks before the election, at the request « of 


= 


county’ s to im t SWP water, favoring an 
; foe in SWP conservation storage, and a limitation on delta export. . One week later, 
_ DWR deputy director appeared before the Board at the request of another — is 
supervisor, clarified certain information and indirectly offered a mild rebuttal 
to the presentation of the previous week (12). The DWR itself remained neutral = 
to the county’s proposal. However, most county newspapers formally favored 
the proposal. In contrast, a prominent San Francisco newspaper elitodalizes 
against it. Certain San Joaquin County farm interests contributed substantial 


funds to the organization opposing the importation, with hopes one . 


The vote against the SWP proposal was overwhelming, with 42.3% of the “a 4 
_ registered voters participating. Some 43,846 votes were cast in opposition and , 
only 17,301 votes in favor. Only three precincts favored the proposal, two =. 
being in remote rural areas. The negative vote in the university area exceeded _ 
90%. Even the Santa Maria Valley, where the studies particularly appeared 
to justify SWP water importation, followed the countywide voting trend. The 
o -DWR director interpreted the election results as a decision by a well-informed 2 
- electorate to pursue local water supply alternatives and not as a setback s+ 
fe the SWP. He noted the success of the GCWD water reclamation proposal (17). 
- It is believed that when the average voting layman reduced the complex and 9 fF 
‘confusing i issues to a simple consideration, he tended to reason that the project 
7 ime indeed too costly, unreliable, and growth- encouraging. For those who might fq 


was difficult to be concerned when heavy rains s just prior to ‘the election had a - 

_ caused reservoirs to spill and streams flow. As to cost, even though the county’s © 

- figures indicated only a moderate increase in monthly water bills for typical — a 
consumers due to the SWP importation, the question remained, “Why should — 2 

I have to pay more for “my water so that newcomers will be able to move > 


q _ The urgency for development of local resources seemed to recede as public 


d officials and the electorate alike became preoccupied with other matters. Although — 
the DWR had developed guidelines for consideration of local projects for : 
integration into the SWP 1 yr before the election, some 18 months after the 
election, the Board of Supervisors had not yet submitted any request to the 
_ DWR for a local project, not even a relatively straightforward off-channel 
_ Spreading grounds project. Indeed there was some sentiment limiting any further _ 
_ The state peripheral canal bill passed in 1980, which authorized the added 7 
i water conservation projects to meet contractual demands. It was signed into 
law and promptly attacked by referendum action. The DWR had tentatively 4 
approved temporary transfer of the county’s water entitlement to willing San 
7 Joaquin ‘Valley purchasers contingent on the peripheral canal law, but this is 
pending the r vote. Thus, the county’s annual cost st under 
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fe. the SwP contract c continues. . Public sentiment seems to favor retaining the uae ‘ 
7 ‘in state water for the future, even though limited growth advocates claim the _ 
= vote was a mandate to end the SWP contract at any cost. The county _ 
comprehensive plan should be adopted by the end of 1980. raga’ Yo 
4 = GCWD water reclamation/reuse project was moving slowly, not yet — 7 ‘ 
under engineering design, and lacking formal commitments from ‘potential 
reclaimed water users. Federal water pollution control funds were no longer 
being extended to financing reclamation projects. However, certain state funds _ 


Summary ano ConctusionS 


_ Studies by the \ Water. Agency staff and i its s consultants on future water « demands, 


_ that the situation varied from area to area. Aside from the remote and sparsely | 7: 
: &. _ Cuyama Valley, the greatest deficits occurred in Santa Maria, San Antonio, 
and Lompoc Valleys where there were few if any wastewater reclamation — 
sd tee Most county water purveyors evinced intentions of importing from 
_ : the SWP on behalf of ‘urban customers. Urban water importation could relieve 
| ground-water pumping somewhat, and this could be of indirect benefit to farmers 
who relied on local supply. Project critics, who were mostly urban dwellers, 
objected to such an indirect benefit to agriculture. Critics generally. opposed 


am 
growth control by control of water rather than land use. 
_ Despite its superior mineral quality and certainty for future availability to 
all county areas (except Cuyama), in comparison with most local alternatives, 
the SWP was relatively costly, entailed wnnsually heavy early year payments, 
and required considerable pumping energy. Its future adequacy depended upon 


_ the DWR developing additional conservation facilities in a timely manner. Local 


from. economic pressures. There was an implicit preference for 


alternatives appealing to environmentalists, such as conjunctive use and waste- ; 
water reclamation, had significant costs and uncertainties as to market demand 

or implementability. Others, such as weather modification and watershed ee ay 
agement, were still somewhat speculative as to yield, cost, and environmental ~ 


in areas of benefit. There appeared to be room and need for both the sal : 
— and local alternatives, but the need and justification would be greatly reduced a 
if future demands were contained. Costs for maintaining the county’s importation | 
option continued and will i increase until entitlements are transferred temporarily, 


4 Pres and then soundly defeated ‘the SWP bond proposal, even in n Santa a 
Maria Valley, where supplemental water prospects from other sources were r 4 
4 unusually limited. It is concluded that the majority of the voters felt the county ; 
was nearing maturity concerning its growth, and were unwilling to neereer By 4 
ss The Board of Supervisors, in 1963, contracted for SWP water, based on 
a “sound engineering advice that it would be needed about 1980. The 1975 Board — ; 


g 
| 
irected the engineering planning, including the study of alternatives and environ- 


~ resolution of the problem by the March 1979 vote, is seally 1 no sentation at aim 
all, and it is unfortunate that the residents of Santa Barbara County wi have * 
to face the water problem i in the future at greater cost. 


The substantial contributions of the entire Water Agency Staff are gratefully 
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74 4 _ Among the most important considerations in water resources planning and 


management are the provisions of assurances that: (1) Certain quantities of 
"water be available when and "where needed; ce certain qu quantities of water, 
with the same quality characteristics as the “‘needed’”’ water, not be present . 
_ " when and where they are not needed; and (3) stated quentities of =! 
a energy be available when and where needed. The same conditions of ' assurance 


by most lay individuals and by no of experts, simply 
by multiplying a unit price by the number of units involved. Rather, it is determined A 


_ primarily by the degree of assurance with which that quantity of water will 


be available over substantial periods of time, when and where it is needed. _ 
For example, lightening represents significant quantities of electricity. However, — 


i it is considered worthless (actually « destructive) because its seman in time a 


and place in exceedingly unreliable. 
_ Most water resource development systems actually reduce a cuvettes of 
& water available, and none create new quantities. If unit price were representative 
: ‘ of the value of water without consideration of its assurance in time and place, 
* 7 over time, ‘then no reservoirs or other water system 1 elements w would be needed. 
Vs ‘ The | purpose of this paper is to p present a methodology for the quantitative 


; evaluation of the level of assurance or reliability associated with various levels 
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of project output, and to determine the trade-off between reliability and a nominal © 


level of service from the project, ‘so that appropriate decisions these 


two factors can be made more than at present 
AD TAW 3HT 


As important as tl the ‘Tequirement of. assurance has will continue 
to be for water resources, it has seldom been incorporated explicitly as an 
objective i in the planning and operational processes. Rather, it has been implicitly — 

_ incorporated by the use of a number of concepts ranging from ‘‘firm energy” — 
and “firm water’? to water rights doctrines, which then in turn are used 
constraints (5). In only a few cases is the resultant reliability even estimated. 

For example, the most commonly- used definition of firm water (or f firm energy) eo 
is that level of service which can be provided according to an anticipated demand 

_ schedule over time (and place) by the water resource system without fail 

the historical sequence of hydrologic events were to repeat itself exactly. __ d 

_ This is not an assumption that history will repeat itself in the future, despite 

- criticisms alleging this is so. _ Rather, it is simply a convenient, reproducible 

definition of firm water or firm energy for use in assessing the capabilities — 

a a project to > perform satisfactorily. Nor does | ‘it assume that the quantities — 

so defined will in fact be available 100% of the time in the future. a —. 

Rather, it is a recognition of the fact that satisfactory explicit measures s of 
3 assurance have not been available; thus an implicit constraint must be | 
introduced to assure that this fundamental objective is met in 


‘is defined and estimated i in 1 this manner, , using all of the historical hydrological — 
_ data available for the streamflow, then the implicit level of assurance is either 
"satisfactory or the best that can be provided with the data available. 
viewed from the p perspective e of an n objective in a multiple- -objective 
- analysis, the complexity of the risk problem quickly becomes apparent. Risk 
: of what? It is not sufficient to reply risk of a failure to deliver the firm levels 
of project output. Failure itself is multifaceted. One might fail to deliver in 
an overtime period the planned firm output of of water by a few cubic | poo nll 
(which would be completely trivial), or one might fail to deliver the o oupet 
by any other amount up to and including the full anticipated output (which = 
_ would be very, very unlikely). This produces an infinite number of quantitative 
outcomes, for each of which minimization of the probability of occurrence ~ 
- could | be an objective. Furthermore, it is apparent that the actual worth of 


_ minimizing each probability is not at all uniform over this spectrum. ats ae, 


_ As if this were not enough complexity, the manner in which the yy of 
deficiency i is distributed over its duration may be as important or more important _ i 

The definitions of “‘firm’’ outputs customarily used are thus seen to be very 
useful -expedients, since all of the aforementioned concepts implicitly 


rite 
considered even though | they have not been explicitly evaluated. However, as 
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of output? After all, the of Teliability with a firm output 
based on 10 yr of historical record is hardly the same as that based on - 50 
_ yr or 100 yr of record, yet each would be considerd to be the correct value 
if they were all the records available. — 
- any} proposed design or set operational rules. Since in theory at least, this implies 


In order to assess the trade-off between the marginal gains and losses in 
7 that a virtually infinite number of such indices would be necessary, the few 
= 


_— ‘Feliability : and other objectives such as cost, water, energy, etc., it is essential — i] 
to define explicit measures of reliability < or risk which can be evaluated for : 
specific indices selected and defined must, in effect, be rational representatives 7 — 

- The approach adopted in this analysis is to simulate the operation of the 

_ system by using a long synthetic record of inflow, generated from the relatively 
short historical record of the stream feeding the reservoir, but retaining the 

_ same statistical characteristics. The system operation is to be tested with this 
synthetic record, and the release policies determined that are necessary to meet 
the stated design irrigation and energy requirements in full. Any consecutive 
period of time for which these requirements cannot be met is defined as a 
failure event. All such system failures, including the total amount of the deficiency 
and the duration of failure condition, are to be determined for several different 
_ design requirements. The resulting information allows the definition of risk — 

_ parameters and the evaluation of the associated risk probabilities for that “ie ; 
of system operation. The parameters so obtained could then be included in = 

7 a multiple-objective function for the system to be optimized. 

_ Although there are a large number of such risks of combinations of specific. . 
—, and specific durations, these are not necessarily independent. In 
‘general, it might be possible that for actions which minimize the probability a 
of one particular magnitude and duration being exceeded, the exceedance 
probability of a fairly large range of other magnitudes and durations would — = 
also be greatly decreased if not actually minimized. Thus, it might be expected - 
that a relatively small number of combinations of magnitude and duration could 

_ The basic problem consists of two parts; a 

. What specific magnitudes and durations might be used as the representatives 
_ 2. How can the risk itself be determined for these representative magnitudes? i 


The presented is directed at the second question. The 


WRI RISKAVOIDANCE OBJECTIVE = 203 
these implicit constraints representing implicit objectiveshave come _ 
e _ into question. Should projects be designed to meet the rigid definition or does ; 
| 


7 oned presented is capable of determining the risk in terms of exceedance 
_ probability for all magnitudes of total deficit, maximum deficit, or durations mike 

4 The approach utilizes a Monte Carlo simulation of a very long sequence — 

of hydrologic events, any n-year subset which can be considered equally likely _ 

Red occur. This sequence is then used with the design Operating policy under * 


“water and energy requirements if feasible, but if not feasible (failure), then the 
~ release is whatever is available. However, any other desired release rule can ~ 
_ utilized. Indeed, the evaluation of such release rules is an important use 


When the streamflow record is available but considered to be of short duration, — 


- ‘nt historical data are Baer to be statistically the same—i.e., their skew, 
mean, standard deviation, and serial correlation between consecutive mente 
_ are the same for all practical reservoir analysis purposes. 
‘The 20-yr streamflow record available for the Kunduz River, used as the _ 
in this study, is of insufficient length to evaluate questions of risk. 
By using the Fiering Model (3), a 900-yr sequence of equally likely streamflow - - 
_ events were generated from the available record. The generated data are then 
_ used as an input to the reservoir mass balance equation used as a —— 
- model for the simulation of the operation of the Qalagai Dam and Reservoir — 
wt computer program was used to generate the streamflow data as an input 
to the reservoir and perform the reservoir inflow-outflow mass balance analysis = 


_ over time. The analysis begins with some specified quantity of water in ae a 
usually, but not necessarily, full. Based on monthly inflow, evaporation, —_ 
- Telease from the system to meet the targeted regional irrigation and a 
: requirements, the storage level at each subsequent month is computed. Beginning 

with full storage, the volume of water that be ‘in at the 


in which B, = the volume balance index; Q, = the volume of water in dl 
~ reservoir at the beginning of month i; Y, = the anticipated inflow to the system 
om month i; K, = the evaporation rate per unit area of the water surface, 

__A, in the reservoir in month i; and R, = the volume of release form the reservoir 

_ The volume balance index, B,, represents the volume of water in storage 
at the beginning of the next month, if B, is equal to or less than the maximum 

Thus, is set equal to B, if B,: = Sina available storage), 


requirements: “at ¢ firm level. ‘These events ; are noted, and ‘the e actual ‘release is 
computed as whatever water is available. The anes event will continue until — 


j 

) 

 —_-Fiering, Mandelbrot and Wallis (3). These can generate, fromthe available record, § [i 
> 


if > Bix once again. On the other hand, if B, > S = then the excess water — 


be “considered to bypass the turbine and the water in storage at 
a the beginning of the next month will be equal to the maximum storage or Q,,, 


Ei water release from the reservoir must meet both irrigation and energy a 
‘ _ requirements. The two requirements are presumed known and | fixed quantities 


volume of water required to generate a fixed amount nt of 1 energy, will vary = 


4 to the water level in the reservoir and is determined by using the eee f 


000.00. ke 


7 pate h R, ae = = the volume of release | in millions of cubic meters per month | 


ie required to generate Ei; Ei = the monthly energy requirement in millions of 
kilowatt hours; H = the gross head in meters; and Eff = the system efficiency. * 
_ Inorder for both irrigation and energy requirements to be satisfied, the computer — 
eae is written such ‘that be volume of both Tequirements are © compared fe 


is | met water ‘released for o one purpose is also available 
for the other, or water released for irrigation has to pass through turbines, _ 
= water released for power is available for irrigation. 
A 
_ In Eqs. 1 and 2, there are additional Toney which are also affected by 
the available volume of water in the reservoir. These variables may be — 
expressed a as functions of the water in reservoir: 
A =C,( 


O74 + 0. 0002(2,). 


in ¥ in which is as. defined; ry the area of the available 
storage in the reservoir which affects evaporation; H is also as previously dofnad, 


: a ‘and Eff which is defined earlier, varies approximately from 72.5%-90.5%. path 
‘The constants in Eqs. 3- 5 are not fixed values; they are ; characteristic of 
each reservoir site and therefore have to be individually determined. For the 
Qalagai Dam and Reservoir, the constants used in Eqs. 3 and 4 are determined, © 
a their numerical values are: C, = 1.21700; C, = 0.55800; C, = 1.47257; 

and C, = 0.44200. If this representation is not sufficiently accurate, the | . 


_ information can be provided as data pairs for various equal yy of Q. © 7 

‘The. computer recognizes the system inability to fully meet the firm water — 
and energy by the volume balance at the 
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of The system fails tc to meet its commitment 


B, < and the failure event is as continuing until B, again 


of failure does Rot | depend upon the magnitude of the failure. For example, a 
if the target release is 250,000, 000 m * of water, then the « computer will declare ae 
system failure if 249,900,000 m* were released. However, the failure 
_ is considered to continue until the target release is feasible once again. tower 
_ The system may fail to meet the requirements in one period or for any number | 


of consecutive periods of time before it reaches the stage where it can fully : 


million kwh 


aver 


50 60200 250 
| IRRIGATION DEFICIT D, million cubic meters 


7 g te —Three Possible Annual Energy Production Policies for Qalagai Reservoir in 


between the target release and the actual feasible Telease are determined as ms 
a function of the time periods 
~~ he cumulative deficit, D, time duration, 7, and the single largest deficit, 2 
aq d, for each | 1 complete failure (failure starts when B, ~ Sin and ends when 
B, = are determined from the failure m magnitudes and the consecutive 
interval of nonzero deficit magnitudes. The D, T, and d values for each failure 
event in the entire simulation process can thus be determined. 
_ Foreach of the three parameters, namely D, 7, and d, the exceedance probability _ 
7 for any given level can then be calculated, given that a failure (as defined) — 


- fe the requirements. During this interval, the magnitudes of the difference — 


| 
1 


occurs. This i is 5 the conditional probability which can hes tis 0 modified the | 
ae In the example used for this analysis, because of high correlation among _ ag 
the parameters, it was found that only the ‘cumulative deficit, D, is sufficient 
for this particular project. od! 10 vd bebivib 
i the example problem, two production policies were analyzed. E Each of 
_ the two operation policies resulted in enough failure events that a fairly accurate i 
plot of integrated exceedance probability for each policy became possible. 
Computations were made for Dam reservoir project 4 
_ Afghanistan on the basis | of three “‘firm energy” levels, 130, 000, 000 kwh/ yr, 


/ A,B, and Care Three Possible 
Annual Energy Production vale tivow | 


| 
= 144 million kwh ort pees 
C = 150 million at “ 


“500. +1000 1500 2000 2500 

CUMULATIVE ENERGY DEFICIT D, million kwh e 


2.—Effect o of Tr Three Possible Annual Energy Production Policies on 


Deficits for Qalagai Reservoir teh to offi 

so worn ai besintigne 9d svupeido ax : 
144,000,000 kwh/yr, and 150,000,000 kwh/yr. The system had no failure at 
130,000,000 kwh/yr energy production policy. For this particular project, the 
energy requirements dominated over water requirements. That is, each failure 
to meet firm water requirements in full occurred within a period of failure 
to meet firm energy requirements. = = 

The results of these calculations are shown in Figs. 1 and 2. In Fig. 1, the - 
a is the level of cumulative en energy deficit, and the ordinate is the probability +4 


(thet a deficit equalling or exceeding that level will occur (be initiated) in any 7 


§ 

air botab 73% 

| 


that the the demand levels appreciably ¢ appreciably affect the risk the risk 
extremely large deficiencies but do significantly decrease the level of assurance 

- Other indices of deficit could have been used as well, e. g-, g., the mean deficit _ 


(cumulative divided by or the maximum period deficit. The 


cutput level and assurance. A aaiatiad increase in target output of 6,000, 000 

9 kwh/yr at the 144,000,000 kwh level increases the risk of a 500,000,000 kw h- 

deficit by nearly 10%, whereas a change of 14,000,000 kwh at the 130,000, 000 
kwh level increases the risk by about 7.3%. Thus, the trade-off ratio at 130,000, 000 
is 0.073 + 14 mkwh or 0.0521%, while at 144,000,000 it is 1.67% mkwh. ss 

‘By evaluating other target levels, the trade-off ratios between reliability and 
target outputs can be calculated for any level of accumulative energy deficit 
or conversely the trade-off ratio between target level and deficit magnitude 

increase at any firm level of assurance can be calculated. 

that there is an objective to minimize the exosedance probability of 
each and every value of energy deficit. _ This is a virtually impossible task. 

; However, it can be noted that so » long as the decisions considered are the = 
target levels, none of the curves A, B, and C can be expected to cross. Thus, 
minimization of the exceedance probability at, e.g., 500 mkwh i, 
deficit would also minimize the exceedance probability at all other levels. ee 79 
On the other hand, if the decision variables are extended to the release aaey 

- during the deficiency, it is possible to minimize the probability of deficit at 


level by "increasing the probability another. Normally, this would 

_ counterproductive, unless indeed the increased probability levels were of no 
consequence to the decision makers, 
In most practical cases it may be possible to select a specific deficit magnitude io 
to be used as the index, and utilize ; only the target level as s the decision — 


be ‘the separate. conditional problem, given a an 1 impending deficit of ae 
: magnitude, D; the decision would decide how this deficit ered be distributed — 
over time to minimize the adverse consequences of that deficit. 


bs Despite the i importance ce of assurance e or risk minimization, risk has not explicitly — 1 
been considered as an objective to be minimized in water resource systems © 
analysis. Instead, the standard engineering practice has been to introduce risk — 
k implicitly by defining the design yield of a project with a given storage capacity 
to be the largest yield that could have ve been obtained with no failure if the =) 
a _‘ipast historical record of streamflows were to repeat itself exactly. In this way, 
3 risk was implicitly used as a constraint without any actual evaluation of the 
If risk is to be considered as an objective i in a multiple-objective optimization __ 
analysis, a fundamental requirement is the definition of one or more suitable 


4 quantitative indices of risk. The methodology developed in os pe paper provides o~ 


¥ the annual energy target, or such other terms as desired. 
7 
i 


the definition of ‘such indices which c can be explicitly incladed in the analysis 
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the Resourcer Council han guidssct for the Federal agent 
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+, In most engineering studies of flood damage reduction measures a key aspect ~ 
_ is the determination of the probability of different levels of f flooding. The au 
procedures used for the determination of flood probability atag given location 
i depend on whether data are available at that location. If data are available © 
. at the location, common practice is to fit an assumed statistical distribution 
- to that data. However, there are a number of statistical and engineering problems — 
involved i in determining the appropriate st Statistical procedures to use. nea 
Inorder to meet a need for standard procedures for determining flood frequency, 
the Water Resources Council has provided guidance for the Federal agencies 
(15,16). In using these guidelines the writer has identified a number of problems 
which need further study and amplification. The purpose of this paper is to 
present those problems for further analysis. = jj 
Theneed for standard methodology for flood analysis was recognized 
by .S. . Congress (12) when they stated in part: 
_ The Water Resources Council should establish apanel... (which) ‘should — 
be directed to examine methods of frequency analyses with regard oo 
= sufficiency for applying various techniques of flood damage abatement. a 
B= this review the panel sl should present a set of ‘techniques for frequency ~ 
i= that are based on the best known hydrological and statistical J 
procedures. It should describe the circumstances in which each method 


- quences that are involved in the use of each. Its report should describe 
_ those procedures among the suitable methods which, in its judgment, should — = 


"Staff Hydro., Susquehanna River Basin Commission, Harrisburg, Pa. 17102. i 


: cen be most suitable and would delineate the assumptions and conse-— 


3 Note.—Discussion open until August 1, 1981. To extend the closing date one month, 


a written request must be filed with the Manager of Technical and Professional Publications, — 
> ASCE. Manuscript was submitted for review for possible publication on October 19, 
1978. This paper is part of the Journal of the Water Resources Planning and Management ry 
Division, Proceedings of the American Society of Civil Engineers, ©ASCE, Vol. 107, 
WRI, March, 1981. ISSN 
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standardized i in n Federal Practice. The panel report should co omposed 
The writer hes long believed that there is a need for standardization of 
methodology in all branches of hydrology but especially with respect to flood 
frequency analyses. The need for standardization of | 


arises from the following problems: 


amage reduction unless all possible alternatives, coon both structural at pa 
onstructural designs, are based on the same flood frequency curve. 
2. Itis not possible for the Office of Management a and Budget or the Congress. 
to compare different requests for r project: funds, or to make appropriate allocations . 


established standards. 
A national flood management program incinding flood insurance 
difficult to implement without such standards. 
ae When significantly different values for a flood of given exceedance ‘proba 
EL oi bility at a given location are presented to the public at large the result must 
be confusion and a feeling that something is wrong. Existence of such different 
values, which the public must presume to have equal credibility, can only case 
_ the public to question the engineering data and to further question the profes: 
pe sionalism of the engineers and agencies involved. The profession can acknowledge ro 
; the errors and uncertainties inherent in the determination of flood frequency, 
but such problems can not be explained satisfactorily to a landowner who is 
about to have development controls put on his land or to a city council that a 
% wants a flood control project, preferably at Federal expense. Thus, it seems 
te imperative | that the Statistical problems be resolved at. the professional level. - 
~ Nets that the need for standardization exists above and beyond the needs 
_ The writer participated in most of the review talks of the Work Group on 
ra Flood Frequency of the Water Resources Council which drafted Bulletin nn 


flood frequency analyses as those recommendations were finalized and prior 
; to the actual publication of Bulletin ‘17. In the writer’s judgment Bulletin 17 
is a major contribution to the goal of standardization of flood frequency analyses 
and a great improvement over its predecessor, Bulletin 15 (17). Bulletin 17 
-- Sepsesents the best recommendations possible in terms of the state-of-the-art 


considered as subject to change as more data becomes available and as the 
= of-the-art changes. The following review of problems encountered in 4 

applying Bulletin 17 is offered in the hope of stimulating further analysis and rs 


_ The major problem areas that have been encountered are: (1) Regional a 


q 
| 


and regional estimates; and (5) lack of = 

‘Specific recommendations so-called expected probability adjust- 

_— Bulletin 17 (15) requires that generalized. estimates of the skew coefficient 
the log-Pearson Type distribution be used in nearly all cases. Contin 


_ : ing the fact that if every user derived his o own 1 regional skew coefficients there ca 
a would be many different skew coefficients for every gaged location (to say 
; ‘nothing of ungaged locations), it appears that a nationwide regional skew map 
would be desirable (if not essential) if the objective of consistency is to be ‘e 


= probably © be most users). _ Unfortunately, the map has become a source 

q of controversy, partly because the state-of-the-art of deriving such maps is 
not well advanced. As a result of controversy over this renga new skew 

coefficient map is being developed for the Susquehanna Basin. 

7 ‘Bulletin 17 recommends certain procedures for deriving a r 

6 the time these recommendations were written the procedures | seemed name 


tory. However, in the meantime a combination of hindsight and additional 


experience has suggested the following questions relative to the recommended 


_: There are numerous problems involved with trying to draw isoskew lines 4 
_ watersheds greater than 1,000 sq miles in size, so some size limitation ‘should | 
- placed on the watersheds used. Parenthetically, the skew map included with 
Bulletin 17 was derived from station data for watersheds less than 500 sq miles 
in size. What regional skew coefficient should be used for larger water sheds? _ 
is one objection to the map included in Bulletin 17. doom 
a e- The recommendation to use regression was based on the concept ?/_ 
a regression equation would provide an objective, and rational basis, for predicting 
_ skew coefficients. It was recognized that previous efforts to develop regression 
equations for skew coefficients had been unsuccessful. Without disagreeing with o 
the basic logic, it appears that the argument has a hidden assumption that skew 
coefficients are affected by a (finite) set of watershed factors all of which 
are known and can be expressed in terms of certain easily obtained paramters. _ 
This assumption seems questionable. Firstly, very little is known about factors ‘ 
which affect skew coefficients. In the absence of sound physical concepts a 
_ regarding the factors which affect skew coefficients, the best way to determine 
; a these factors is by regression analyses, which have, until now, been unsuccessful. 


4 Secondly, it is known that station skew co coef! ficients are biased, and it is probable — 7 
that they are affected | by chance occurrence of certain extreme events, i.e. ” 
outliers. Thirdly, the parameters describing the physical factors which affect 
skew coefficients may not be the same as those which affect other parameters _ 

' : an 3 . How should outliers be handled in deriving the ‘Station skew coefficients _ 


| 
| 
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the Bulletin 17 in map. This is another objection t to > the map. map. 
. 4, Should station skews be corrected for bias? Again, no bias correction 
was made to the station skew coefficients in deriving the Bulletin-17 skew 
el map. If the record length of ‘stations used in deriving a regional skew mp 
=.  & highly variable, it is possible that a significant amount of the variance of | 
those skew coefficients is due to bias. The standard error of the regression = 
; gies may also be affected with the result that the regressions appear ap 7 
5. What variables should be considered in the regional analysis? Strahler (10) 
‘ shows schematically the effect of the bifurcation ratio on hydrograph peaks. — 
It is not unreasonable to expect that if the hydrograph peak is so affected, 
; the skew coefficient will be also. However, computation of bifurcation ratios — 4 
a isa tremendous amount of work especially for large watersheds. Also there _ 


may be certain parameters that affect skew coctficients that are best expressed 


6. There is no mention of consistency of skew coefficient maps across” major 
basin divides. If a new skew map is developed for the Susquehanna basin 
there is no assurance that the skew coefficients for adjacent watersheds on 
Opposite | sides of the divide between Susquehanna and Delaware, Genesee, 


‘north, “west, southwest, end ‘south respectively, will be. consistent. 
4 consistency mecessary orevendesirabley 
7. In light of the foregoing comments it may be impocsite to derive statistically : 
significant regression equations without considerable additional research on 
% appropriate parameters, and possibly not even then. However, the regression 
4 equation can be interpreted as representing deterministic (but not necessarily _ 
causal factors that affect skew coefficients even though the percentage of al 
S explained variance is relatively small. Perhaps it would be more profitable to 
map the residuals from the prediction equations rather than trying to Covelop 
prediction equations for the residuals from an isoskew map 
— * How much smoothing should be done when drawing isolines? One objection — 
4 to the skew map included with Bulletin 17 is that procedures used in deriving 


that map resulted in too much smoothing. Perhaps the standard error of estimate <a x 
of the station skew coefficient should be used as a guide to smoothing along 
with knowledge of each individual watershed when drawing an isoskew line. 


9. Matalas, Slack, and Wallis (8), and Wallis, Matalas, and Slack (14) have = 


questioned whether skew coefficients can be mapped. The authors of the latter 
paper concluded that the problem is due to spatial and temporal mixing of 
; population skew coefficients. The variability of skew coefficients with time 
The aforementioned problems also raise certain policy issues that need to 
be addressed. Firstly, there is some confusion over the interpretation n of Bulletin 
Vv regarding usage of the skew map included in Bulletin 17. Certain parts of 
Bulletin 17 can be interpreted as requiring use of the skew map included with 
the report, unless another map has been prepared using Bulletin 17 procedures. _ 
Another interpretation is that any regional skew is 


| 
| | 
therre isa question whether a new skew map must be derived according 


to procedures siven in Bulletin If s0, so, are certain problems, previously 

- - mentioned, which are not covered in Bulletin 17, but which will inevitably arise 
in deriving a skew map. In the absence “of further guidance on these points 
it is difficult to derive a new skew map. Conversely, it may not be possible — 
to give further guidance without additional research designed to develop ae 

technology. Thus, we have an impasse. Alternatively, it may be possible to 
test the skew map for a limited area, using alternatives to Bulletin 17 procedures, _ 
a 3 or expanding on those procedures, or both, and demonstrating the reasons for - 
departure from Bulletin 17 procedures. This will aid in developing more complete - 

Thirdly, what mechanism should be established to review and approve a new 

_ skew map(s)? Can the problem be handled at a regional level or must ‘it be 

_ referred to the Hydrology Committee? even of the elation cote le weed 
In response to | these questions, the Hydrology Committee (personal correspon- 
/ dence) has stated that the Bulletin 17 skew map is considered acceptable if 


a implies that it is not required. In response to the second question the ee 
Committee has stated that procedures other than those given in Bulletin 17_ 
_ may be used if supported by appropriate study and comparison with the = ll 
obtained using the recommended procedures. However, certain of the aforemen-. 
- tioned questions are not addressed in Bulletin 17, therefore no comparison ll 


Z be made. In response to the third question, the Hydrology Committee has endorsed 


a coordinated study effort at the regional level to develop a regional skew — 


In the Susquehanna basin an interagency cooperative study is underway to 
derive a new regional skew map. While it is desirable to use the best possible vg 
statistical techniques in deriving regional skew maps, it may | be that the best e 
regional skew map is the one that is acceptable to all agencies in that eer 4 
and not one that can be shown to be statistically 
_Derecnon AND TREATMENT | or Hich Outue 
oa A major flaw in Bulletin 17 is the absence of any criteria for the detection + oe 


a practical. If the « event plots above the upper 5 5% one-sided confidence | limit — 

about the curve fitted with the event included, the event should be treated 
; _ asa high outlier in accordance with Bulletin 17 recommendations. The confidence io 

| limit i is computed using the procedures outlined in Appendix 9 of Bulletin soe 

a Another problem which has arisen is the question of an appropriate record» 

: length for the high outlier. In general, systematic peak flow data are not available 
s our basin prior to 1937 except along the main rivers. In a number of cases os 
- ‘local newspapers or long time residents have been requested to furnish information _ 
2. 4 pre-record floods. The minimum information required is whether the water __ 


was previously as high as during, e.g., the 1972 flood. In general, that information © 
3 is not readily available for tributary streams, without fairly extensive field work. 
7 However, it is generally known when the major floods occurred in a particular 


and it is possible to compare rainfall for different storms on 


4 
q 
i 
high outers. The problem is to determine an appropriate Criterion tor determing 
which events arehigh outliers. 
| 
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a a watershed in 1 question. Generally, ‘that will show, e. g.. on ‘the 1972 flood 
was greater than floods of 1964, 1945, 1936, and 1889 even though we may = 
_ have data only for, say 40 yr at the site. From such analysis we may conclude ~ at 
that the 1972 event is typical of an historical period going back to, say, 1889. 


made as to which resulting flood frequency cu curve e looks best. This i is \ eeibialy ; 
not very scientific but it appears to produce reasonable results. ail Ayia 


It is well known that the log- Déiceee Type III distribution has an upper bound — 
if the skew coefficient of the logarithms is negative, and a lower bound if 


owing? 


«vind 


one 


LOW OUTLIER 
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PROBABILITY oF EXCEEDANCE AD aw 
“AG. 1.— 1 | Example of | of Low Outlier below Lower Bound (Station Number w 01555500) 


x the skew coefficient of the logarithms is positive. It would seem logical that 
flood peaks that lie above or below these bounds based on the moments computed © 
with all events included in the sample, should be rejected as outliers because | 
= can not logically be part of the distribution. A major problem experienced 
a with the low outlier detection criterion is that events that are below the lower — 
_ bound of the log-Pearson Type III distribution are not rejected. One example 
t shown in Fig. 1. The lower bound can be determined visually or computed 
= the equations derived by Gilroy (5). \ 
_ The important point is the fact that there are cases in which at least one 
annual peak is less than the lower bound but that annual peak is not rejected 


= the Bulletin | Bulletin 17 | low outlier test. Since such a Point can not logically — 
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a to the fitted distribution the frequency curve should be recomputed without 
te those values, and the probabilities nana as examined in Appendix 4 of Bulletin — “4 


P ¥ es -. Appendix 8 8 of Bulletin 17 17 suggests a procedure for adjusting flow frequency — 
a estimates based ‘upon short records to reflect flood experience in nearby _ 
_ hydrologically similar watersheds. The basic concept is that if two independent _ 
7 estimates are weighted inversely proportional to their variances, the variance ¥ 
of the weighted average is less than the variance of either estimate. The assumption 
is then made that estimates computed from a regional | flood frequency are — 
independent of the station estimates, even if the station ‘estimate is | used in 
deriving the regional equations. That assum tion is obviously false in theory, 
and it has not been verified in practice. 
‘The important equation t to consider is following (which is Eq. 8-2 in ff 
fle 20) bee men. od a 


a ‘in » which V, an and V, = = the respective variances of thet two independent estimates, 
s and y; r = the cross correlation between values of x and values of y; and 

_ -W, = the variance of the weighted average. The question to be evaluated is 
~ whether the weighted average can ever have a greater variance than the station 7 


data only. This is equivalent to finding the > value haf r such that 
© 
q proportional to record length, the condition will be Satisfied if 


Gin, 


in: which C = N JIN,; = the st station on record length; and N, = the effective “7 
record length of the ‘agai regression. Eq. 3 is solved for selected values _ 
of Cc in Appendix I. For example, ‘if N, = N, the variance of the weighted 
estimate is always less than the variance of the station estimate. Similarly, 

if N, = 1.5N,, the variance of the station estimate will be less than the variance r 


4 of the weighted estimate if the correlation is greater than 0.68. d 


Hardison (6) has independently derived a similar but ‘Tesults 


- ‘The concept used to derive Eq. 1 is the customary formula for the variance 


| 
here ma he come quection ac to wha ne CoO 


‘The correlation. coefficient of course arises in representing the covariance of 
x, and x,. In our case x, = the vector of discharges at a specified return period _ 
tt from the station flood frequency curve from m stations in a given region, and 
Ss , = the vector of discharges computed from a regional analysis at the same _ 
sites. Then the correlation coefficient is given by 


t x & 2. 
_ in which Q,, = the value of the discharge at probability, p, from the station — 
flood frequency cu curve for the ith station; and = the value of — 
Z - at probability, p, estimated from the regional procedure, also for the ith station. 
¥ y It seems obvious that the correlation coefficient can be computed for a set 
_ of stations chosen in any desired fashion as long as the regional equation applies 
to all the stations so that 0,, can be e¢ computed fe for all the locations using the 
a Wz O. Thomas ( personal correspondence) notes that these values would tend 
to be correlated even if independent estimating techniques were used. There 
_ may be asemantic argument involved with respect to the meaning of independence. — 
in statistics, it is commonly stated that if two random variables are independent — 
_ they are uncorrelated (4). From mathematical logic the -Contrapositive of that 
‘Proposition is that if two variables are correlated they are not independent, — : 
and the contrapositive is always true if the proposition is true (1). Thus, the 
_ only way to show that two variables are uncorrelated is to show that the population 

_ correlation coefficient is zero. If it is not, the variables cannot be independent. 

_ Anything else is an approximation. Thus, there cannot be any two “‘independent’”’ 
estimating procedures unless the two procedures produce results with such highly © q 
variable estimates of Q that | r is small. Otherwise, the resulting estimates are 

| - not independent and the correlation term in Eq. 4 must be included under all 


_ There is a major problem with using this weighting i? In a a 
= the objective is usually to develop the best possible equation (within 
certain constraints) that generally n means that the equation has a low standard — 
error of estimate. If the equation has | s a low standard error of estimate, the: 
correlation coefficient, r, computed by Eq. 6 should be large. But if r is too” 
large the weighted estimate has larger variance than the station estimate alone. a 
The problem is further compounded by the relationship between the standard — 
error of estimate and the effective record length of the regression equation. — 
a Thus the objectives of the weighting procedure and of the regression — a 
ee to derive the regional estimates tend to be internally c contradictory. acy 
cll _ An example of the computation of the correlation coefficient is beyond the “it 
_ scope of this paper. However, it seems desirable to compute correlation — 
a coefficients for each hydrologically homogenous region and to compare the 


var (y) = >> aj var(x,)+ a,a,cov(x,,x,) om 
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computed v values to aforementioned critical values before ‘the 

_ Another question is 1 is whether the weighting procedure should be used in cases os 
where the regional procedure does not fit the station data. One example is 
shown in Fig. 2. One opinion is that the regional procedure should always © 
be weighted with the station results on the basis that the ° station curve is biased 

* ‘due to time sampling error, and the regional procedure removes some of that — . 
bias. However, that assumption seems valid only if the watersheds used in — 

; 4 the regional regression are sufficiently homogeneous in all hydrologic parameters — 
to consider them as one sample. ‘This implies a correlation between 
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ods ko 243 lo od! tuo sad (1!) 
FIG. 2.—Example of Poor Fit of Regional Regression to Station Data (Station Number oe 
and having nearly the same watershed parameters. The assumption seems invalid 
for a regional procedure that is based on watersheds with variable record lengths, — 
: where stratification of the sample is based on examination of residuals, or —- 
“the watershed size (and perhaps other parameters) varies by more than one 
order of magnitude. aiyalorbyd wt ewollol sd aso 
a The aforementioned criteria are not easy to apply operationally. An alternative - 
: recommendation is that the weighting of station and regional estimates should | - 
4 be used | only if the regional estimate provides a satisfactory fit to the station ” 
curve, and then only if the record lengths and regional correlation coefficient Pp? 
_ satisfy the conditions required for V, < V,. However, criteria are necessary 
to determine whether the fit of the regional equation to the station curve is _ 


we 4 
te 
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j 


ae which tends to promote lack of uniformity. a 
_ There appears to be considerable controversy regarding the so- -called taht - 
aa adjustment and its use. Some people believe that the expected : 3 
_ probability adjustment is simply a safety factor applied to the flood Sageency . 
curve. Others. consider it to be a refinement “the flood frequency curve, 


is semantic in that the terminology used is open to misinterpretation. ah, toch | 
_ As a result, it is stated in Bulletin 17 that the determination of whether to 
use the expected probability adjustment is a policy matter beyond the scope 
of the Guidelines. The following paragraphs are an attempt to — the 
differences of opinion regarding use of the concept 
__ Benson (3), Beard (2), and Hardison and Jennings (7), demonstrate that a 
parameters estimated from small samples exhibit a lot of variability. Beard 
-Q), and Hardison and Jennings (7), have shown that, as a result of this variability, 4 a 
| actual number of exceedances of a flood having probability estimated by A 
ae fitting the data is greater than would be expected based on the probability - 
level. The reason for this bias in the computed flood risk can be seen by computing + ol 
_ the risk of a flood of a particular return period. For example, the risk of exceeding _ 
* a 100-yr flood in a 100-yr period can be shown to be 0.634. However, if the 
i true return period of the estimated 100-yr flood is 50 yr, then the risk of exceeding © 
that discharge is 0.867. Conversely if the true probability of the estimated 100-yr_ _ 
discharge is 0.005 (200-yr flood), the risk of exceeding that discharge is 0. 394. 
_ Thus, the risk of exceeding the true value in a given length of record depends 2 
RS on the unknown magnitude of the true value, resulting in a biased estimate 
: of the probability of exceedance of that discharge. The expected probability " 
adjustment is designed to correct for the average bias in the risk of exceedance 
caused by the use of short records to estimate statistical parameters. : 
‘The major argument that has to be resolved in whether it is necessary to 7 
_ consider the relative effects of underestimation, as stated in Bulletin 17, or me 
_ whether it is adequate to overestimate and underestimate each half of the time. 
__ Thomas (11), has pointed out that the median of the estimates of the probability 
_ Of exceedance from many short samples is close to the long record estimate 
of the exceedance probability while the mean of the probability estimates is — 
: "somewhat greater than both the median and the true estimates. The fact that » 
= - the mean of the estimates of the probability of exceedance is greater than 
the true probability is the basis for the expected probability adjustment. Con- 
versely, the use of the median estimate implies that it is adequate to simply 
_ overestimate half the time and underestimate the other half of the time. Thus, 
the argument can be phrased as follows: For hydrologic engineering purposes 
should the mean estimate of probability of exceedance or the median i 
§ that probability be used? The answer to the question should be based on p 
expected value analysis of project economics using a national income ccmmting = 
point of view. Such analyses have been made by Beard (2), and by Hardison 
and Jennings (7), and support the use of ‘the mean probability of exceedance. 


more general eral analysis m: may be be desirable. 
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As a result of ow recommendation incorporated in Bulletin 17, ‘the majo 
agency involved in structural flood control planning and the major Federal agency — 
ae involved i in nonstructural flood control planning have adopted opposite policies 
regarding use of the expected probability adjustment. As a result of the design | 
and economic analysis of many local flood protection projects will be based a 
on a flood frequency curve that includes the expected probability adjesiment, — d 
while nonstructural flood protection projects for the same locality will be based 
ona flood frequency curve that does not include the expected 
F adjustment. Obviously, this difference in flood frequency c curves does not promote 2 : 
the standardization of flood frequency methodology that is the objective of a 
_ Bulletin 17. It makes it more difficult for a regional water resource planning 
_ agency such as the Susquehanna River Basin Commission to develop comprehen- 
sive, coordinated joint flood control plans incorporating both structural and ~ 


In summary, Water Resources Council I Bulletin 17 is a considerable improve- 
e ment in the development of standardized procedures for flood frequency analysis 
_ ‘but certain recommendations need further study. In particular, the regional skew 


a requires further development of the technology for deriving such skew 
: maps and resolution of certain policy problems. A criterion for detecting ~~ 


procedure for weighting station and estimates should be evaluated more 
carefully, with | particular attention to the effect of correlation of the supposedly 
independent estimates, and to the goodness of fit of the regional —, 
to the station data. Finally, the principles underlying usage of the expected — 
probability adjustment should be clarified and the reasons for its use in joie 
situations agreed upon. Then the recommendation regarding use of the expected _ 
probability adjustment should be made more specific. 
APPENDIX 1.—Errect or + CORRELATION On ON OF Sum 
a Consider Eq. 1 which is the same as Eq. 8- ‘2 in Water Resources Council — 
Bulletin 17. Assume that the respective variances are inversely proportione 
to the effective length of record. Then 


8) 
N, yh? i ( 
f= 


in which N, and N, = the respective effective lengths of record. Also, let 


length 2 N , and V, be the corresponding variance of Q, estimated from a regional 


on Vy be the variance ‘of Q, estimated from station data with effective record 
‘regression analysis. we wont to determine the values of r for ‘which 


F 
- in particular to prevent the inclusion in the analysis of peaks that are below _—~—_siff 
| 


4, 


(C+14+2rVC) 
> 
a 
hae C+ l 


C > 1.0, [1/2 {(Cc 1 which is not a feasible region 
for the correlation coefficient. As C increases (i.e., the effective | record length © , 
cs the station data increases relative to the effective record length of the regional — x 


equation), the critical value of r decreases. For example, assume that the effective > 
¥ record length of the regional procedure is 20 yr. Then if the effective record 4 
length of the station data is 30 yr, C = 1.5, and the variance of the weighted 
sum will be greater than the variance of the station value if the correlation 
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_ PERSPECTIVES ON WATER CONSERVATION ~ 
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Management Division 
‘The work of this committee mtg with the task of preparing a state-of-the 
art report on water conservation practices. It became apparent in the _— 
_ Stages of its work that such an objective would be difficult to achieve for 
a number of reasons. First, water conservation is not an objective in itself, r 
7 but is part of the broader objective of total water management. As such, 
conservation should be placed in perspective relative to many other considera- © 
tions. Second, in most regions water is a renewable resource. Unlike fossil 
_ fuels, water is a replenishable resource; supplies become plentiful during wet : 
periods, and scarce during dry periods. Third, the committee recognized that 
the purpose, method, _ and level of water conservation is site specific, and will 
_ depend on a number of factors. This latter, in itself, considerably broadens _ 
_ the scope of any effort to prepare a technical discussion on conservation practices. 
_ Lastly, while water conservation is a national policy, the committee recognized — 
that a professional understanding of the full implications of conservation in 7 
an engineering, economic, social, and environmental sense is just emerging for 
"some measures, and may be years away for others. This is to say that as . 
; a society and as a profession we are just beginning to learn about water 
conservation and its implications for resource management. 
— Members of the task committee have maintained liaison with other groups— re 
Primarily within the Federal government—working on similar projects. The 
committee’s work has been provided to the ASCE Committee on National Water y 


#8 Note.—Discussion open until August 1, 1981. To extend the closing date one month, 
a written request must be filed with the Manager of Technical and Professional Publications, z 
_ ASCE. Manuscript was submitted for review for possible publication on May 1, 1980. 
This paper is part of the Journal of the Water Resources Planning and > ae 

_ Division, Proceedings of the American Society of Civil Engineers, @ASCE, Vol. 107, 
No. WRI, March, 1981. ISSN 0145-0743/81/0001-0225/$01.00. 
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for use an ASCE ‘statement hearings on 
_ Throughout the initial phases of ‘its work the task many 
areas of water conservation in which our knowledge of technology, impact — 
assessment, and plan evaluation is insufficient to permit rational comparison 
of water conservation alternatives with alternatives involving the development ae 
of f new water. supplies. ‘The life of the task committee has been extended to 
a “pe permit further examinations of some of these areas ee are 
_ Members of ASCE who are interested in the subject of water conservation 
are encouraged to read the task committee’s initial report and provide their 
Fe, in the form of discussions for publication in this journal. Throughtful _ 
discussion will contribute significantly to the work of the task committee during 
Yesterday.—To Gifford Pinchot, W. J. McGee, Francis Newlands, and others 
_ during President Theodore Roosevelt’s administration, water conservation meant 
the construction of reservoirs to conserve spring flood waters for use later 
in the dry season. Lands in the west needed water for irrigation and water 
storage reservoirs were one way to meet this need. McGee wrote in 1906 _ 
concerning Federal development of water resources (1): 
tions have been in the area of interior __ 
° or Pacific drainage, though extensive works have been located in the 
westerly portion of the Mississippi basin. They are primarily to conserve ited 
_ storm-water and convey them to lands requiring irrigation: yet incidently 
they reduce storm-floods and thaw-freshets, and retain 

t Later through Roosevelt, Pinchot, and others thet meaning of v water conservation 
expanded to include the ideas involving multiple- -purpose river development (2): __ 
Mie bm, interpreted conservation in the broadest possible sense to include | 
the best utilization of the country’s eternally replenishing water resources — 

een comprehensive programs of multiple-purpose undertakings for 
Mavigation, power, and other beneficial uses. 
This concept for utilizing the nation’s water resources was the impetus for che 
= development during the first half of this century. “Wise use” was the = 
onservation ‘‘ethic’’ of that period; water was recognized as a ‘renewable and 


the limits to carrying capacities—water ‘supply, waste disposal, energy, _ 
rivers, estuaries, and the environment—coupled with a technological ability to =_: 
intrude upon and modify natural ae | are some of the basic causes of the 


of freshwater flowing to the sea. Today's s view of the interconnection of systems — 


> | 
water supplies, to water reclamation, and to reducing unit consumption. Water = : 
7 | 
| 
| @ 


— @n the face of the obvious limitation of resources, whether renewable 


x Ay within the bounds “of resource availability is not only the crux of + 

. a resource management philosophy, but is the acid test of leadership. a 
I do not consider this politically impossible. The is 
a, may well be the best political course to pursue. we. bis 

oindeual Carter, in announcing his new Water Policy i in June 1978, indicated we 
that water conservation was to be the cornerstone of this nation’s management ~ 
of water supply systems in the future. In the implementation of that policy, 
the following statement was as adopted by the Administration (4): eGo gain > 4 


lal reduce the demand for: water; improve efficiency in use and reduce 

losses and waste; and (c) improve land | management ‘Practices to conserve 


waste, or reducing | demand, each is ; only p part of total water management. While — po 
time and social conditions have changed the meaning of water conservation, — 
it still remains only part of the whole. Water is a renewable and reusable resource — 
_ and future water needs will be met best by looking at all aspects of both omely 
_and demand and selecting those means or measures which h are mo most st appropriate 4 
_ A variety of reasons are offered : for ado; adopting water conservation using today’s — 
‘ definition of demand reduction. They vary depending upon local water supply * 
q needs, the attitude of local citizens, management attitudes of water districts, 
Be vomeerv and existing laws and regulations. Some of the specific reasons — 
offered include to: (1) Increase available water supply and defer capital expendi- 
tures for new or expanded facilities at specific locations; (2) reduce energy | 
- consumption through less pumping, processing, or heating; (3) reduce wastewater _ 
flow to reduce treatment costs and energy use; (4) make existing supplies stretch — 
further where new supplies are not available, or are limited in quantity, - 
are restricted by legal rights; (5) meet Federal, state, or local requirements; — 
8 insure that an existing water system is not wasteful; (7) be responsive to | - 


_ Conservation ethics held by the public or by penis | leaders; and (8) buy time 2. 
to fin finance or construct water and sewage fas 
Where To Conserve? 
i. In 1976 ~~ 1977, California experienced its worst drought on record. Prior 
to, on this were to use le less 
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responses could serve as planning models for water conservation. The programs a 4 
initiated fell into two classes: those which are appropriate during emergency 
conditions and essentially of a limited duration, and those which are part of _ 
the conservation ‘ethic’? which are intended for constant use. Emergency ’ 
ie programs and ‘‘normal’’ conservation programs are essential parts of Ea 
a - Planning for effective use of limited resources. The level of conservation planning, 7 
its specifics, and the specifics of an emergency response program will vary A e 
with the geographic area, resource availability, the nearness of supplemental — a 
vt of water, and the economic and employment development in the area. © 
Additionally, initial steps cf an emergency response program might also be = 
included as part of a ‘“‘normal conservation program. re 


a 


_ Emergency Programs.—Emergency response programs s generally i increase sav-_ a 


_ ings, and are tied to the severity of the emergency condition. The problem = 

q - during drought is to properly manage available resources. Emergency programs A 

_ generally consist of: (1) Restrictions on nonessential use; (2) utilization of ; 
+ systems, if available; (3)! restrictions on n public u use; (4) 


aa for not ‘meeting the limits imposed; © increased withdrawals ‘tim 
Ss basins; (7) reducing the acreage of irrigated farm land planted; 
changing cropping patterns; and (9) increasing agricultural water 


_ While a municipal program may impose ‘‘mandatory”’ restrictions, the — 
in many California communities was that they were really voluntary because 


program are that: (1) Adequate information be made available on what to do; 
the consumer clearly perceives the (3) there be ample ‘media 
Normal Conservation.— Normal conservation, that which can be implemented 
- without significant changes in existing life styles, consists generally of a 
combination of the following; 
it Use | of home | conservation m devices in new construction. (The » state of 
California now requires water-saving toilets in all new construction.) 
2. Promotion of reuse, both indirect and direct. Indirect reuse is now in 
_ practice in many areas although many people are generally unaware of this. 
Direct reuse is not widely practiced, except in isolated areas where other options 
_are very limited. Recycling, on the other hand, is widely practiced in the industrial 
1 Promotion of good operation practices, including the elimination of leaks. : 
Identification of leaks and repairs can in many areas result in significant savings. i 
Leak repair, however, isa costly Operation if not part of a utility’s 


Increasing the level of sophistication i in water management. 


| 
; shortage and the economic consequences. For example, in municipal systems, — 
- assuming adequate supplies are available for subsistence, there will be a strong) = 
y desire to preserve jobs which means special consideration to economic impacts. = 7 
q 
q 
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_ Who conserves i isa significant i issue in that it determines the amount conserved, 

the source from which the supply is ; conserved, the region affected, and = 4 
means and measures used. Is it the user or the purveyor? Is the purveyor 
public or private? Is the user municipal, domestic, commercial, industrial, or 
agricultural? Does the water being conserved originate from a reservoir, river, _ 
or ground-water aquifer? A distinction | must also be made between who will — 

conserve during an an emergency. situation a and who w will conserve as part o of normal — 
- conditions. Ina recent drought in England where strict rationing was necessary 
in many places, preference was often given to industry in order to maintain 
§ employment, and the production of necessary foods and electrical power, i 

In California during the 1976-1977 drought, conservation _ measures were > 
directed. toward both urban and agricultural users. Many urban users were 

- dependent u upon surface water r supplies and were » encouraged to > reduce usage 

by voluntarily using less water and by controlling usage through household | 

water-saving devices. Conservation by agricultural interests was encouraged 
through reducing unauthorized diversions, enforcement of water rights, and 


4 acreage or changing cropping patterns to less water-consuming crops. Unfilled 
- agricultural demands were met by drilling 20, 000, new wells, in some | cases 
a creating an additional overdraf t on the ground-water aquif er and increasing energy 
PR pumping requirements until the lowered water level israised. 

_ Incentives.—Incentives are necessary to encourage conservation, and their 
a existence or nonexistence is likely to determine who will undertake water 
conservation measures and programs. The two ) principal incentives are economics % 
and ethics—or some derivative of them. Economic savings may result directly 
from less use of the water itself or indirectly through savings in energy, labor ‘7 
or other resources. Ethical incentives are propagated through attitudes and 
behavior that result in reducing waste and conserving limited supplies. =» 
iY Municipal cc conservers can noft ten fi ind; a eee benefit fre rom n conservation n programs 


4 impacts on in-stream values and wildlife habitat have no effective way to be 
“¢ brought into the decision-making process. New institutional arrangements through — 
_ financial incentives to potential conservers or through rules, regulations, and sm 
- permits need to be developed, , but the trend seems to be the other way | toward 
enhancement or protection of in- -stream values. 
- If an individual or agency cannot see some benefit from implementing measures — 


reduced. Often, legal Cooder need to be removed so that those who are truly 
_ Salvaging waste water, or are “‘saving”” water, or both, can reap the benefits 
of their action. Reduction in in-stream uses or uses for wildlife habitat maintenance 
can make more water avetiaite for traditional economic uses such a as $ agriculture, 


- 
a 
q 
| 
z+ _ Industrial users are sensitive to economics and usually can find ways to reduce 4 
water use if costs increase. If an industry purchases water from a public purveyor a 
+ “and discharges wastes to a public sewage system, the industry will be encouraged __ 


to seek savings in water use both “from the cost of water from 
the user charge for wast wastewater tr treatment. catment. — he 4 P 


Where to C To Conserve? 
Variability of Supply. y Annual precipitation in ‘the ‘United States. can vary 


only those with more precipitation than arid and semiarid areas, but the variation _ 
_of annual precipitation from the average is usually less pronounced. For this _ 
reason, water systems in humid regions often are constructed with less reserve 
capacity relative to the average demand than | systems. in arid regions. ‘While 
water conservation has the same meaning of reducing the demand for | water 
4 for both humid and arid regions, those technologies which affect peak — 
i will be of greater interest in humid areas, whereas technologies that reduce 
both peak and average usage will concern water managers in the drier parts — 
An additional consideration in arid regions is the | recognition that ‘there will a 
a 
always be a natural deficiency of water. Additional increases in demand, whether 
_ for population or resource development, may exceed the region’s natural supply “_ 
_ Capacity. It is especially important in these regions not to reduce the buffer 
in storage provided by the ground- and surface water resources. Also, supply — 
components may include supplies of widely varying reliability and this should 
‘* be considered when incorporating conservation measures into total water man- 
| In addition to climatic v variability of supply there is variability of sources. _ 


Some systems depend entirely upon stored water for their supply. 


/ Marin Municipal Water District (in California) is an example. Conservation or 
- reduced demand in this case means that more water will be in storage during 
4 drought years, and there will be more runoff going unused during above-normal ea 
s 2. Other systems depend almost entirely upon rivers as their source. Philadel- el- 
phia, New Orleans, and Sacramento are three examples. Upstream use, down- 
. -‘fream use, and in-stream flow needs are important considerations for =, 
i: 3. Ground water is a sole source in many parts of ae country. In Albuquerque, , 
: N. M., poe’ water is the ‘Sole § source for the municipal system. Generally, 


| and ‘ovesteaiia in years of drought may be replenished during wet years. A 
~ conservation program for this type of supply system should take these factors 
_ Variability of Use. —Water use varies with different regions of the country 

i and within regions. The west withdraws large quantities for agricultural irrigation, = 
the east relatively little. The eastern United States, on the other hand, withdraws | see 
most of its supply for cooling at stream electric generation plants, the western _ - 
‘United States withdraws relatively little. Domestic and commercial use Goes 
‘not as much as — center wr In California, the Los 


| 


i 


commercial purposes. On the east coast, the Boston, New 
and Washington, D.C. areas are major users. $= | = 
Similar variability exists for other uses: manufacturing, industrial, instream, 

i only does the type of use vary geographically, but for each use the 
amount withdrawn and the amount consumed varies. For example, of the water Pr! 
eee for stream electric generation, less than 2% is consumed. In irrigated _ 
agriculture, an estimated 55% isconsumed (5). 
_ This variability in use influences the type of conservation program adopted 
oe in each region. A program for agricultural water conservation would be especially 
appropriate for the west : and midwest where large quantities of water are 
withdrawn for irrigation. Yet, even within these broad regions the specific 
. measures would have to be compatible with local farm practices and water 
—- Conservation in areas with large withdrawals and return flows would 7 
| s accomplished by a somewhat different program. In-structure domestic and 
_ commercial use would be quite similar in different regions since the infrastructure — 


local conditions. Outside use varies with climate. For 


4 7 4 is similar, although the reason for water conservation may vary depending upon 


a 


Total water management involves the conservation of and 
Supply is conserved through utilization of excess runoff and through efficient — 
distribution. Demand conservation means reduction in usage through education, © 
Carats of Excess Runoff. -—The principal means of conserving excess 
Tunoff is through reservoir storage, storage for -water recharge, cand 
A interbasin transfers. Reservoir storage has been the traditional means of storing 
_ enoff for supply purposes. Storage of excess runoff in ground-water basins 
& been practiced in some regions; however there is a need to better wndrestend 7 
the methods of artificial recharge and their effect. Conjunctive use of ground- — 
and surface water sources is likely to play a a much greater role in conservation ps 
of supply in the future. Interbasin transfers afford the opportunity to 0 conserve _ : 
4 supply in one region for transport to another. Transfers have beome necessary 
in the past because population growth has taken place in regions which have — 
inadequate supply. To the extent that local supply i is inadequate, whether because — 
of population needs or for development of natural resources such as coal, 
d interbasin transfers are a means of meeting water needs. a, 
Efficient Supply Distribution. —Improved efficiency in reservoir system opera- 
ss reallocation of storage in existing reservoirs, and reduction of waste in be 
_ distribution systems all afford an opportunity for conservation of supply. While 
_ changes in operating rules and reallocation of storage may require changes in 
legal and administrative rules, a reexamination of present sourc sources of supply | as 
be worthwhile in light of today’s priorities for water | use. ase. 
____ Elimination of waste in municipal distribution systems can effect savings in 
a —_ To do this requires continued surveillance and maintenance of the system. 
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Wri 
the system While this not | in many existing systems 
because of fire requirements, it may be possible in new system design. Also, “ 
covering open reservoirs on the distribution system, often those contsining 
=, filtered water, has been done to protect quality. It has the added value of a 
_ Likewise, seepage losses ia in agricultural distribution systems can be controlled 


by lining canals or using pipelines. In cases where seepage is to a ground- water 


Where seepage is to a | high water table, which is detrimental to crops, rs 
alleviation of such damage will supplement the water conservation objective. = 
_ Demand Reduction Through Education.—Education via the news media, litera- 


Districts | of California, the South Florida Water Management District, a and the 
Washington Suburban Sanitary Commission in Washington, D.C. are = 
_ examples. Emergency programs developed in many communities in California 
& during the 1976-1977 drought are no longer in effect, but have given way . 
@ ongoing conservation education program. Education, | to be most effective, 
_ should be geared to the elementary and secondary school level—it i is apparently — 
' much less effective for long-term benefits at the adult level. The state of California a 
} maintains a continuing education effort and also assists local water managers 
choos i ‘in | developing their own programs 
_ Municipal Use.—Changing the water rate schedule or increasing water rates _ 
« controversial means of reducing water use and promoting conservation. é 
_ Changing from a flat rate schedule to a decreasing or increasing block rate 
requires metering if it does not already exist. The cost effectiveness of meter 
; installations and reading is now being debated in the water industry. Too frequently ‘ 
with: metering a decreasing block rate has been used where unit cost tends 


: to become constant with larger uses. A constant unit rate, where unit cost 
_ is directly proportional to quantity, or an increasing block rate where unit cost 
_ increases with quantity, can promote water conservation. = 
g In recent years, several communities have changed their rate schedule to — 
encourage conservation. Elmhurst, Ill. is a community which changed its schedule 
from a declining block rate to a constant rate. The Washington Suburban Sanitary 
Commission changed from a constant rate to an increasing block rate. 
_ Where water costs account for a relatively small proportion of utility or a 
7 household costs it may be necessary to make a rather substantial rate increase , 
the economic incentive is sufficient. Nevertheless, 2 a schedule of 


In addition to changes in water rates, other management measures which 
‘ have been used include: enactment of plumbing and building codes which require _ 
_ water-saving plumbing fixtures and appliances, and land use regulations and 
% growth limits to reduce or control system demand. Reductions in urban water 


oft reduced loadings o on sewer -wer systems ‘and wastewater treatment facilities. ee 


4 Industrial Use.—Federal regulations to clean up wastewater discharges have 


q 
ann pulllic meetings can produce a conservation consciousness asacontinuing 
means of demand reduction. Education programs have been developed in 
| 
| 
a 
] 
use WHICH GUeCUY scware are Of Dasis 


2 commonly utilizes water reuse, recycling (internal reuse), , and water use of 
measures to reduce demand. The main factors aff ecting the potential for industrial _ 
__ wastewater reuse are availability, economics, reliability, and water quality. For — 
_ a@ reuse project to be economically practical the cost of reusing wastewater 
‘must not be greater then that of obtaining water from natural water sources 
a public water supplies. In| addition, the wastewater effluent must provide 
a reliable water source capable of satisfy ing the industrial water | demand at 


all times. These factors are dependent on the specifics of each prospective 


_ Although wastewater reuse may be technologically and economically feasible, _ 
reuse does not necessarily affect demand for public supply. Basically, wastewater 
reuse will affect Public v water supply only if the reuse of the wastewater effluent _ 


frees @ source which | could be used for pe od supply purposes. An example 


- supply and switches to reusing a wastewater effluent. In this case, the reduced | 

industrial demand for public water would release water for public supply. Another 

_ less obvious example could occur where an industry using a fresh surface water 

source for nonconsumptive purposes switches to reusing aw wastewater effluent. = 

In this | case, the quantity of water in the stream would remain the same, but 

_ the quality of the surface water would be improved by the removal of the © 

_ wastewater discharge. If the quality improvement allows a previously unsuitable 

water source to be used for public supply purposes, then the reuse of wastewater 
in effect, enabled of additional water for public supply. In 


be. were not considered. 
Z Agricultural Use.—Since irrigation ‘is 3 by | far the greatest consumptive user oy 
of wattt, enpecially in the west, the potential for making new water available 4 
through water conservation is the greatest. The most effective means of making 
new water available is to reduce water ater requirements for plant growth. This, 
_ however, i is very difficult since evapotranspiration for optimum yields for specific 
varieties of plants is relatively fixed. There are opportunities to reduce surface pm 
wetting, use short growing season varieties, or to substitute crops with lower ey 
“water requirements for those of higher requirements. However, there are rh 
_ limitations to this latter approach since complex socio-political-economic forces 
oie usually dictate what a farmer will ‘grow. ‘There are son some cases where use of | 
water of lesser qu: quality y may aid in the overall conservation effort since some 
crops are “‘salt-tolerant.” 
Since all water supplied to to agriculture i in excess of its “‘use’’ by evapotranspira- 
tion may be thought by someone to be a “‘loss,” the various ‘“‘losses’ should 
> be evaluated. There is a large group of “‘losses’’ that are recoverable for other 
= (one person’s loss is another person’s $ gain), as well as a second gee 
that are true losses. In general, the first group of ‘“‘losses”’ ‘merely : serve to 
_ relocate the water to some other | place from which it can be recovered. These 
“recoverable losses’”’ are basically an economic or energy loss since the water — 
is available when are of appreciable and 


Ws the aforementioned e tream uses which are also a a “public q 


improved technical mechanical processes. 
Oo” a losses can be reduced: (a By using the Irrigation Managem nt Service 


roving 
application n uniformity; in conjvnction on with water scheduling; 
_ by better understanding of the potential capabilities of the extensively used 
surface irrigation methods and management; (5) by correcting the conditions — ed 
conducive to poor operations such as poor project schedules, nonuse of the | 
Irrigation Management Service, inadequate designs, lack of irrigation reservoirs 4 
or the “equivalent flexible supply concept for surface | irrigation systems; and I 
(6) by such technical means as lining canals, and using pipelines and depressed + 


— 


Runoff losses occur in order to assure never less than 


flow rates and durations; “and (4) installation of return flow systems 
for surface methods, especially in conjunction with irrigation reservoirs. Fs oad 
4 The second group of “‘losses,’’ those which are difficult to reduce and re- 
- cover, is true losses. These occur where: (1) Water salinity has become so concen- 
trated that the water is practically unusable; (2) water evaporates directly from the | 
- soil surface, from reservoirs and canals, and from the drops in the air from 
sprinklers; (3) it percolates down so deep that it is essentially not recoverable 
_ or into ususually saline ground water; (4) it percolates into saline ground water; 
_ (5) it flows into oceans or salt lakes (recognizing the value of instream flow 
needs in estuaries or rivers above the point of entrance); and (6) it is used 
by noneconomic or undesirable vegetation (although this vegetation may have 
significant environmental and social value). 
Demand Reduction through Technology Sow 
_ Municipal Use.—Landscape watering is the largest domestic use of —— 
in many regions. . Demand can be reduced when landscaping is done with native 
plants which live on natural supplies of water and are drought resistent. Following _ 
the 1976-1977 drought in California some water districts, e.g., North Marin, 
_ began working with nurseries and landscape architects to develop water-conserv- 
- ing landscaping plans. Such plans have been found to be both attractive and 
low in water use. Golf courses, parks, and green | belts can conserve water 
_ The most common water conservation yn devices in residences are toilet dams, 
_ low flow shower heads and faucets, and water-conserving appliances. | These 
devices are being installed in new construction in many regions of the country. 
- Research is underway at the National Bureau of Standards, and in California 
~ to test the effectiveness of such devices. Retrofitting such devices in existing - 
homes has relied on voluntary programs. Some utilities and government agencies" 
_ have provided these devices at no cost with considerable success. 
_ Industrial Use.—The Environmental Protection Agency has promulgated ef- 
fluent standards for approx 2,000 industrial processes, the net effect of which | 
has been to increase water costs and reduce use. The largest energy-related 


| 
| 
q 
2 
| These losses can be reduced by: (1) Automation of canal systems;(2) incorporation 
| 
7] 
a iS TOF Cooung clecthic generation plants. Eltiuent water temperature 
a } 7 considerations for this industry are resulting in widespread installation of cooling ee 
I cq towers. Withdrawals are consequently expected to diminish proportionately for _ 


WATER CONSERVATION PERSPECTIVES 
energy although evaporation w will increase. ‘The « effectivences 


_ Of conservation technology and the type of technology adopted will vary with rey 
industry and within industry with the process used. — 


includes: lining of ditches and canals, selection of a proper irrigation method, — 
automation of delivery systems to provide water as needed in frequency, rate, 


and duration, and system design to provide a greater capacity and degree of 
_ flexibility so that the farmer can optimize his needs and utilize the best methods. Be a 
; "The automation and design of systems should consider variables such as soil © 
type, crop varieties, stage of growth, and weather conditions. It is applicable - 
om new systems and can often economically be applied to existing systems in 4 


which ‘major rehabilitation i is undertaken. ca ae 


sprinkle; (2) on the “ground (susface)—furrow, border- nie, 
basin; and (3) below the ground—sub and subsurface irrigation. Each method _ 
: a its own potential for water conservation, but is limited by its range of ns 
a _ The above-ground methods are independent of topography and soil uniformity. 
They use moderate to high pressures requiring considerable energy. They also 
t utilize special manufactured equipment of moderate to high cost. They need ; 
i small, essentially continuous streams of water. The trickle method is almost 
a - an automated operation, as are some sprinkler systems of a permanent © 


‘The ‘surface methods are constrained by topography requiring gently | sloping 
terrain to be economical otherwise land grading costs become excessive. They 
_also need relatively uniform soils otherwise differential intake rates and available — J 
soil moisture capacity lezd to difficult management problems or low efficiencies. _ 

| To achieve low labor requirements, relatively large streams of water are desirable. e 
. s The energy requirements are low, usually zero. Equipment i is available to automate 
surface methods, but | it has not become popular. ‘The moving. water surface 

_ methods—furrow and border- strips—almost always require some runoff at te 

q lower end, the amount of which can be alleviated by good design and operation, 

= and eliminated by use of a return flow system which makes reuse of the ronott 
practical. Where the runoff is recovered, the potential efficiency is the heen, = 

otherwise i it is y e. The basin method ha has a fairly high 


- the water table quickly, and subsurface irrigation which involves the use of ion 

or devices below the surface—are very limited in their application. oF ay? 2 
Water Conservation ano Law 


_ Water and law are closely linked. Water use is a property right and is Be ae 
under the law. That is, the right of an irrigator or other user to use water 
is vested. In the west, where the major portion of irrigation water is used 
and where 90% of consumption is for irrigation, the doctrine of appropriation 
holds that water must be put to a beneficial use in order to obtain and retain — F 
the right to use the water. This “‘use it or lose it’? emphasis does not always — 


ee Provide an incentive to conserve water. In some states, the irrigator who saves 


m seus: bis 


| 7 


be is entitled to the: water in other states the is not. q 
EE Water.—In some instances, the right to use water is appurtenant a 
a the land on which it is used. If reductions in diversions can be made while 4 
sil maintaining the productivity of the land through more efficient water é 7 
q ‘application, the user making the savings may ‘not be able | to claim the aved = 
water. The water saved by reduced diversion would simply remain in the stream a 
=. support in-stream uses and be available for appropriation by junior appropri- _ 
Raapr and would be essentially the same as the water ‘‘wasted”’ by the first divert- 
or since it returns to the stream. Thus, on eae would be little incentive for the F 


q selling or trading it, as long as no ‘injury ama to other appropriators : 


result, reduced use would be economically attractive. 
_ Although studies have shown that it is possible to cut back significantly on > 
use by reducing diversions to specific tracts of irrigated land while maintaining — 
existing productivity, the amount of this water that may be put to a new beneficial 
use without interference with existing uses is much less. Specific information 
on the direct relationship between upstream diversions and use of the return 
flows downstream by other appropriators is often lacking. However, it is generally 

_ known that this use of return flow is very significant in most western river 

_ basins. The pattern of this return flow is important to the hydrologic and legal — 
balance in a specific river basin. Excess irrigation water that percolates into — 
the ground water may slowly return to the natural stream channel at a time 
later in the irrigation season when the streams would be otherwise = 

thus be available for appropriation by downstream users for their source of 
water during the later summer period. Often that pattern of flow may not be 

altered to the downstream user’s detriment by upstream users. fo 
_ Municipal Water.—Similar problems can accompany changes in purpose of >> 

uses, i.e., transfer of irrigation rights to a municipal and industrial use. In a ; 
municipal systems problems associated with the appropriation doctrine are similar 

| to those under irrigation. Municipal systems have less return flow on the surface 

q through the natural ground profile than irrigation. On the other hand, most 
of the domestic, commercial, and industrial use if returned to the municipal — 

sewer systems, may be available for treatment and recycled to general or special _ : 

uses such as park or golf course watering, thereby requiring less from the J id 

original source. Generally, a municipality may use and reuse its water as long v< 

as it is retained within its system. However, once it reaches a natural stream 

© course, the city may lose its control and right. In certain circumstances, , cities a 


making major transbasin diversions of water (i.e., Denver, Colo.) are encouraged 


to use and reuse this imported water, whereas water originating within the ? 
basin may be used only once and is returned to ee stream after - 
it has been used used for diversion by downstream -appropriators. 
_ Water conservation and energy also have important linkages. In fact, the 
- energy-use implications of water conservation can be more significant than the we 
amount of water saved. For example, in irrigation, energy consumption increases 
4 changing from gravity to Pumping from gound water 


| | 
> 


ie 
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may require more energy than comparable surface water supplies. In multiple- — 


purpose reservoirs, holding water back and saving it for future use may decrease _ 
b: hy@eocioctele power generation. Recycle systems at the end of irrigated fields 


On the other hand, . examples can be cited where using less water means 
using less energy. In any system requiring energy for water distribution or 
jastewater ‘collection and treatment, energy reduction will be directly linked — 
to reduction in pumping and processing energy requirements. Reductions in — 
use of heated water have direct savings in energy costs. This can mg <i 
achieved by reducing the volume of water being pumped or processed, 
= water conservation. ‘Explicit trade- offs between | water r and energy are 
difficult to make because 


Conctusions 
_ Water conservation is likely to play an important role in water resources _ 
4 planning in the future. From the preceding discussion on the different aspects _ 
i. conservation, a number of guidelines ¢ can be formulated to assist in prudent _ 


conservation planning. These include: ipexparicaced wih 


Water is a renewable and reusable resource which varies with time, socatian, 7 
quantity, and quality. It may be used or lost depending u upon local conditions. 
co Wise management of our water resources requires total water management, 7 4 
| .e., the conservation of supply and demand. Water conservation should be — 


_ made part of this total water perspective. 


3. Water conservation planning should be site specific. Programs should be 
- tailored to the climate, type of use, and nature of supply and operation, = 
“Affects of w water conservation on the quantity and quality of surface and 
_ ground-water resources, on the interlinkage between water supply and wastewater _ 
_ systems and upon in-stream needs should be understood and assessed. i, 7 
_ 5. Conservation measures should be evaluated based upon their economic, 
social, and environmental benefits and costs, ar and is oer their ability to to achieve _ 


Increases or decreases in energy consumption of conservation measures 


should beexplicitly evaluated, 
os . Water system reliability should be assessed and the system’ s s capabilities — 


understood. Design droughts should be made explicit and an emergency rapes 
ak - Reductions i in assumed demand should also be made explicit and supported. 
continuing education. = TS the Slogitg Gade que mag 
7: This p: paper is respectfully submitted by the Task Committee on Water Con- 
servation of the Water Resources Planning Committee of the Water aenemead 
and | Management Division. 
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to effect the flushing action using less water. 
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THE WATER RESOURCES 


CONVERSATIONAL WATER Quaurry Data 
System 


resource often requires the use of a computer to store 
and manipulate large quantities of data. But data retrieval may present a a 
for the investigator or program manager who is inexperienced with computers, — 
terminal communications and commands, and syntax language, or who ecossses F 


‘deally. the most t efficient, “useful system would probably be one requiring 
the fewest commands in the simplest language. Here we describe a data 
Se quan which can be activated and used quickly, with minimal — 


_- jargon, , and incentive, while still employing the latest data retrieval 


Since 1974, we have collected much physical, chemical, and biological data. 
fort reservoirs and rivers in western Oregon. This information is handled through . 
use| of the data-base management system SIR (scientific information  setcioval) 


@), and a FORTRAN program which interfaces SIR with the user. SIR was 


—'Limnologist, Hydr. Section, ‘United S States Amy Comps © of Engrs. ‘Dist., Portland, 
? Statistician, Boeing Computer Service, Energy-Tech.-Application Div., Tukwila, Wash. 
~ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 
a written request must be filed with the Manager of Technical and Professional Publications, 
ASCE. Manuscript was submitted for review for possible publication on February 19, 
1980. This paper is part of the Journal of the Water Resources Planning and Management | 
Division, Proceedings of the American Society of Civil Engineers, ©ASCE, Vol. 107, = 
No. WRI, March, 1981. ISSN 0145-0743 /81 /0001-0239/$01.00. 
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SIRisa system with the capability to pinpoint sub-populations 
of data, and then process only | those portions of the data base at a —— 
. SIR has a versatile seporting capability which can produce reports under 
format of the user’s choice. oF 
_ 3. SIR has a built-in direct link with two major statistical packages designated 
- as the statistical package for social sciences (SPSS) (2) and the biomedical Pa 
iz programs P-Series (1) via ia system file” creation, , which facilitates easy, 
The FORTRAN wei was s designed to prompt the user w with 
= the answers to which describe the exact nature of the retrieval. SIR 
= 


para ONTERACTS WITH USER 
ANGUAGE QUESTIONS) 


KE OATA IN 


iain | 


ben 


FIG. 1. —Schematic of Water Quality Data Retrieval System (NOS 
‘directives, corresponding to the answers as created by the FORTRAN program, = 
are then executed. The results of the retrieval are displayed | to the user in 
the form of the user’s choice (see Fig. 1). 
_ For users who might be unfamiliar with the interface program, a self-document- 
; ing capability was built into the program so that it could be operated successfully 
with no user "s manual. Essentially, this documentation consists of ‘several 
{ ‘“‘menus” which are displayed individually upon request, thereby giving all 
a available responses to questions about a particular category of information. ad 
Overall, @e system a tutorial interactive with batch 
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Quality Data Management S System 


__- |emter subject category (0 = = menu): 


enter one of the following numeric codes:* 


fiver 
wy 2. lake data 
3. - groundwater 


enter any assortment of record types desired* (0 = = menu): Serta 


2. 


enter the numeric codes png weer the desired parameters to be retrieved from 
record type 1* (0 = menu): ark ee 
nitrate-nitrogen vee 


record type 3° (0 = menu 
1. phytoplankton primary production qua 
2. phytoplankton chlorophyll concentrations am bas, 
enter the river/lake basin number* (0 = menu): 
enter the numeric codes representing the desired Iskes t to be ‘retrieved from record 3 
Hills Creek 9 bebesa soll 
enter the desired station numbers" © = menu): redmun 


RETRIEVAL SYSTEM 
trieval Session Using Conversational Water 
I> 
= 
] I> 
= | 
ente © Codes representin © Gesired parameters to retneve rom 
— 
| 
| 
= 


enter the date from which the retrieval is to begin. The required format is DD 4 


30 8 78 2 
output options* (0 = menu): 


1. create easy- files for plotting 


re-sort data records by one or more parameters 
wor ff 3. create SIR line printer plots of any number of parameter pairs 


create an SPSS system file analyses 


5. print-out requested data 
5 


enter your desired job priority* (0 - = 


‘standby 


2. four hours turn around with 
nie 3. one hour turn around 


successful completion of water quality information : system® 
unlimited number of nume 


_ °The system is not restricted to water quality data; application is intended for other 
. processing ng which may contribute to greater flexibility, responsiveness, and ease _ 
in data retrieval, and yet be relatively inexpensive and require shorter periods — 
_ of time at the terminal because of the batch job feature. This differs from 
systems which exclusively use batch processing to — ‘et STORET > 
or are purely interactive. 


To operate our system, the user first logs on by dialing, in our case, Boeing 
_EKS (Enhanced Kronos System) and providing a user identification code. 

- Completion of log-on is signified by a “C”’ prompt, i. e., C >. The user then 

executes system by entering the command “CALL, RETRIEV.”’ From this { 

Gone on, the system questions the v user in “everyday” ‘conversational language 


as to how to initiate a "response (e. to answer a specific question ‘posed 
_ by the system), a “‘menu”’ of available responses may be activated by entering 
a “‘key > number (usually zero) which is also indicated by the system (eee Table 


with the request to try again. Thus, ‘ 


thereby freeing the user of the of the “debugging” 
any point during execution, the entire run may be aborted by entering ‘“‘STOP. 7 


|iss 
enter the 
<1 
| 


“al 
-Re-execution is is done by reentering “CALL, RETRIEV. After comp all 
ram desired retrievals in a given session, the user can log off by entering ““BYE”’ 
Because all operating commands are built into the system, little or no experience © 
, with any form of computing is required to operate the system other than an the 
__- procedure given in Table 1. Any files that are to be saved by the s\ system for . 
; ce subsequent statistical analyses (e. g., by SPSS) can be stored under the names 
A chosen by the user during the execution of the system. The use of these files, 
however, will require some knowledge of SPSS and computer operating language. — - 
Requested data can be printed automatically on a local line printer, = 


_ Our system i is currently limited to Boeing EKS (i.e., the system is not designed © 7 . 
to interface with other data management systems), although the data base could 
transferred en masse to STORET (4) or WATSTORE (5), for example. 

_ A system is described which ‘simplifies the process of retrieving data ie 
computer Storage. “Everyday” conversational language forms the basis of 
- communication between data retriever and computer, thereby minimizing the 


need for specialized training and knowledge in computer operations. = ~~ 


- 
_ The system allows for relatively easy access to stored data of any kind, 
can rapidly generate data tabulations, graphics, and statistical plots 
analyses for prompt assessment of water quality or for use in continued aquatic 
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visit HyDROLOGIC PARAMETER UNCERTAINTY __ 


x Matis Yeou- Keung "i and | Larry W. Mays,” A. M. ASCE 

water -Tesources engineering project hydrologic fr analysis 
a plays a an important role. It is always | desirable, if somewhat idealistic to expect, % 
| have procedures for accurate prediction of hydrologic quantities, e.g., flood -~ 

“Magnitudes and rainfall depths. This could be achieved if a large | number of & 
_ hydrologic data were available for the site under investigation. However, — 
hydrologic data available for fi frequency analysis commonly extend over a a period 


of only 10 yrt-30 yr, with s some locations having longer records and a a bo 


~ pumber of locations having no records. Stream flow and rainfall processes are 
_ often (usually) assumed to be stochastic processes because of the natural, or 
"inherent, randomness of their occurrence. Because we lack perfect information | 
_ about these processes, i.e., infinitely long historical records, there exist informa- 
tional uncertainties about the processes which are parameter i and model uncer 
 tainties. There is currently much debate among hydrologic researchers concerning 
bs Th y much debate among hydrologic researchers concerning 
these uncertainties and how to consider them. The writers recognize 
importance of both these uncertainties; however, methods for reducing only 
parameter uncertainty are considered in this paper, 
The common practice in hydrologic frequency analysis is to fit observations 
~ ‘to theoretical probability distributions. The Practical problems that are encoun- 
tered are: (1) The e choice of a distribution; and 2) an estimation 
. ; for the parameters of the distribution. The parameters are commonly —_ 
by the method of moments but can also be derived by the method of maximum 
5 likelihood. Because only a limited number of hydrologic data are usually available, 
sample sizes are normally too small to permit accurate estimation of — — a 
Dept. of Civ. Engrg., Univ. of Texas, Austin, Tex. 78712, 


bey Research Asst., 

? Asst. Prof., Dept. of Civ. Engrg., Univ. of Texas, Austin, Tex. 78712. _ 
Note. Discussion open until August 1, 1981. To extend the closing date one month, 
a written request must be filed with the Manager of Technical and Professional Publications, 
ASCE. Manuscript was submitted for review for possible publication on October 29, 


_ 1979. This paper is part of the Journal of the Water Resources Planning and Management 
©ASCE, Vol. 107, 4 
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parameters, mean, standard deviation, and parame- 
- ters should be considered as random variables and subject to sampling errors. 


A procedure would be desirable that can be used to modify parameter estimates = 


Itis only recently that other uncertainties, in addition to the natural or inherent 
a hydrologic uncertainties, have been considered explicitly on a scientific basis. 
Basically there have been works to consider the hydrologic uncertainties (inherent, 
_ parameter, and model) and also a few attempts to look at the hydraulic 
uncertainties. Most of the work reported in the literature to consider the hydrologic aa 
uncertainties has been through a Bayesian framework. Some works — 


considered the natural and parameter uncertainties or natural and model 


Most of these v works have dealt with improving ‘flood frequency ‘estimates by 
incorporating parameter or model uncertainties into the ee analysis, 
both (4,6,7,10,11,22,24,25,26). 
- The objective of this paper is to introduce a sciltaiiieas on can be used © 
in hydrologic frequency analysis to reduce the parameter uncertainty. The — 
methodology consists of developing generalized values of the parameters (mean, | 
between deviation, and skewness) through the of a 


| weighting procedure 

_ between sample and regionalized statistics. The weights are defined as a function _ 

_ of the variances of the sample parameters and regionalized parameter values. — 

The variances of the sample parameters are determined using two nonparametric _ 
Statistical methods, i.e., the jackknife method and the bootstrap method. 1 The 

variances of the regionalized parameters are determined through regression } 
analysis. The methodology can be applied to any probability distribution for 
ft requency analysis; however, for the sake of illustration only flood flow frequency 

analysis using the log-Pearson Type III distribution is considered. The ability — 


this methodology is illustrated with flood flow frequency data | for the 


methods for defining the weighting factor between the ee I and d sample 
4 tea b, based upon their capability | for r predicting flood od events. 


Froop Freauvency Anatysis: Water Resources Councu (WRC) MetHoo 


_ The United States Water Resources Council (1967) recommended using th | 


‘lee. Pearson Type III distribution as a standard model for flood flow frequency — 
os This was an attempt to promote a uniform and consistent approach © 
to flood- flow w determination for use in all Federal planning involving water and» 
"related land resources. The Council also recommended its use by all state and — 
local government and private engineers. The log-Pearson Type III was chosen 
because it provided a relatively | good fit in a number of cases to observed __ 
data over a range of statistics. - Bobée (5) showed that this distribution has i 
some questionable properties for some combinations of estimated parameters. 
- Matalas, et al. (17) have demonstrated the inability of this distribution to meee 


the mean, _Y,, the variance S?, and the coefficient of skewness, G,, which 
can be estimated from the sample data ta by: the method of moments ats using — ete 


— 


q 
| 
Og- earson ype 1s a ree-parame er distriduuon requiring 
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— 


s i=1 


in which | y, = the ‘i lala of the flood magnitude; N: = the nl 


of observations; and subscript Ss signifies that the parameter is ‘estimated from 


Water Resources Council recognized that the skewness has greater 


to large sampling e errors, 5, Hardison | (1974) developed skew 
4 for use in determining flood-flow frequency curves that follow the log-Pearson 
— Type III distribution. These generalized skew coefficients were illustrated by A 

_ isopleths on a map of the United States. The Hydrology Committee of the 
7 _ WRC also suggested the use of a regional skew map to obtain a generalized 
skew coefficient for a “specific Site. . Furthermore, a weighting procedure was 
proposed to combine the skewness derived from the ‘sample, G,, and the map _ 
skewness, G,, to derive a weighted skew, G, as follows: pO 
in which We 
woe. Wes » was introduced WRC en 


00 13 at 
ie a WRC suggests the use of sample statistic Y, and S, along with weighted 


_— skewness i in the flood-frequency analysis. This method has no theoretical basis q 
and ‘determines the weight regardless of ‘sample and regional i information ; available. 


4 when the : size is less than 25 while taking full confidence « on n the sample skewness on 
: when sample size is greater than 100 neglecting the fact that the sample statistic 
is a random variable with associated variance even though it is derived from _ 


a sample. 


j 
| 
4 
the e of seneralized skew coe ients based unon sample imates_ 
q 
stthe weighting factor for skewnessas sti‘; 


1981 
Weicuteo PARAMETER Estimates” shor 
A Weighted parameter estimates are now considered that combine both parameter cy 
estimates from ‘sample data and estimates fro rom n regional information. Hydrologists — 4 


‘river basins. The transferring of information has the function of data augmentation — 
| which hopefully increases the reliability of the analysis. A general equation — 
; relating parameter estimates based upon the sample data and upon regional 


which @, and parameter estimates. s from | the sample data 


and from the regional information, respectively. The problem i is to eiaitles 
* the parameter estimates to yield the “best” result, to minimize parameter 
“uncertainty. ( Considering t that 6, and 6, are > independent and assuming they have © 


the same mean, the variance of 6 can be expressed en oe 


Var (6) = [Var (6, )+(1- Var (8, ) 


in which Var (6, ) and Var ( (6,) = variances of the hydrologic estimates 


By from the sample data and regional information, respectively. The weight, 


W,, which minimizes the variance of 6 i _ 


which is by Eq. 8 with respect to W and 


d [Var (6)] /dW, = 0 for W,. 
_ Determination of W, using Eq. 9 requires the values of both Var (8, ) and 
Var (6,). The variances of the parameter estimates from the sample data, Var 
- (8,) can be determined using the nonparametric statistical methods called the 
bootstrap and the jackknife. In turn, Var (6,) can be derived using regression 
- analysis relating 8, to physiographic and meterological variables of the | river 
basin considered. The and of the r is described 


52 


‘in Eq. 4. Two methods Seog 5 and 6 have already been Y eeomnied: Another 4 
method which could be applied is 


expressing the variance of the sample : skew a as rts 


© 


population. V 
sample presents sgiian skewness, as use of this equation may lead to 


statistical methods, ‘namely the jackknife and bootstrap 


F 
| 
| 
o OM @ gression ana is, W d De Getermined using g. ¥. FLOWeVErT, 
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‘this nonparametric ‘methods | do pay a computational p: price for 
_ their freedom from normal distribution theory. However, the use of the computer _ 
_ makes these methods very tractable rather than a nightmare for the user. Since 
~ both the mean and standard deviation are two parameters also involved, in 
addition to the skewness in flood flow frequency analysis, they can all three 


be treated in a similar manner. In other words, variances of the mean, standard 


deviation, and the skewness of the sample data can be computed by applying 

the jackknife and bootstrap methods to the sample data, and then used to determine 

VARIANCE OF Sampce Estimators By JACKKNI JACKKNIFE gn 

_ The jackknife, introduced in late 1950, is an intriguing attempt to answer an 
important Statistical problem, i.e., having computed an estimate of some quantity x 

4 interest, what accuracy can be attached to the estimate? Miller (18) gave 

an excellent review of this method. The jackknife method has the function 


of bias correction which makes this method more favorable. The 1 ‘most commonly 
used. expression for the ‘ “accuracy” of an estimate is the standard deviation. 
The jackknife procedure can be used to compute the standard deviation of 7 
. Compute the estimate of ' interest, 6, from the N sample observations. 


. For each observation i = 1, ..., N, compute 6! from N — ie -1 observations — 
the ith observation deleted from the data set. 


im which &‘”? = the jackknifed standard deviation of the sine 6. For the 
purpose of bias correction, statisticians usually replace 6, by 1/N = ae 
in Eq. 11; otherwise, with no bias correction, 6, is used. lie 
"Therefore, for a given set of observations the jackknifed standard deviation — 
of the estimate, can be computed the described. 
The variance of 6, is expressed as ad 5s 


which can be waed to calculate the weight using Eq. 7. Readers are referred _ 


to Efron n (14) and | Miller (18) for the details of the theory of this method. Aa woe = 
VARIANCE OF Sameue Estimators ey Bootstrap A vim 
4s sien ( (13) developed the bootstrap method which can also be used to access 
the accuracy of any estimate of interest derived from a sample. From the 
“4 _ theoretical point of view, the bootstrap is more widely applicable than the - 
jackknife, and also more dependable (13, 14). The procedures ; of this method — 
Let F be an empizical distribution of N observed data i= 


ae 1 
| 
| 


| 


2. Usea random number generator to draw N new ‘points {y?, i= ee 
ES } independently and with replacement from F, so each new point is . 


independent random selection of one of the N original data points. This _ 
of N new points is called the bootstrap sample which is a subset of the original 
Compute the e: estimate 6, for the bootstrap sample {y*, i= 1, ..., N}. 
7 | Repeat steps 2 and 3 a large number of times, say m = 1, ..., M times p 
q each time using an independent set of new random numbers to generate the ; 
new bootstrap sample. The resulting sequence of bootstrap statistics are ee™ 4 a 
5. The varian 
The jackknife and outta methods previously described can be used to 
7 “compute the variance of any number of statistics, e.g., mean, standard deviation, 
: and skewness, derived from the sample. The other information required for 
; computing the weight is the variance of the parameter derived from the wl 
_ basis. As previously mentioned, the variance of a meaty 6,, can 
4 be computed using regression equations. bs 


by However, there has not been an 1 equivalent amount of 
> in understanding all the effect of assumptions that the regression theory has . 
: on the regression models by the hydrologists. Among regression models the 
Eg - ‘linear model is the most st popular one used which has the general form a of 


ori in the matrix notation: p 


a 
in which Y = an (nm X 1) vector of (or 
an (nm X k) matrix of k independent variables; B = a (k x 1) vector of unknown n 
parameters; and € = an (nm X 1) vector of random errors. 
_ The method often employed for equation fitting is that of least squares, having —> 
the following assumptions; 
1. The form ofthe modeliscorrect. = 
2 The responses Y are statistically independent. 
3. The conditional mean of the random response vector > for a given X 
is E(Y|X) = X®, in which is the expected value. 


| 
) 
7 
| 
4 


{ 
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ig Constant variance, i. e., Var r (¥|X) = -0°Y, in 


5. The distribution | of Y is with mean covariance matri x 


Br - Assumption ‘four is not necessary in the least squares method. If assumption 7 


ia four does not hold, the weighted least squares (WLS) or a transformation of 7 


dependent Vatlables, which stabilizes the variance, can be applied. In most 
a applications this assumption is implicitly taken and the ordinary least — . ‘J 
Squares method (OLS) is applied. Assumption fi five is required which validates 
ty statistical inference of the Tegression parameters estimated. The variance — 
Y given X in the OLS method can be estimated by 


= (16) 


in Which e= - xf XB; e =| the transpose | of e; and “p TX)" XY, which 


the OLS estimator of the regression parameter, B, in the model. 
__ Itisalways necessary to examine the validity of the aforementioned assumptions _ 
after the regression analysis is made, which can be done by the analysis of 
_ residuals. The most commonly used method is to analyze the scatter plots. _ 
Excellent analyses of residuals are given by Anscombe and Tukey (1). Draper 
and Smith (12) and Daniel Wood (9) ‘provide good illustrations on this 
i topic. In general, the analysis of residuals helps the analyst to test the validity _ 
Re. _of his model and to provide the necessary information for modifying the model. /- 
; It always pays to identify the influential observations which affect the results 
4 of analysis a great deal. Cook (8) developed a statistic, D,, named Cook’s distance, 
_ which measures the overall impact of any single data Point Ler the least ‘squares: 


im which D, = a measure of the distance between B and B.), v where B., = 

the OLS estimator of B with the ith obecrvetion deleted. 


| Li-v,. 


[2 l-¥ 


in a which x, = the vector of the ith ith independent variables; and v, = > "(x X7X)' 
k The first term on the right of Eq. 18 is the square of the studentized residual 
while the second term is the moment arm. It has been shown by Soe ol 
at D, is by an iF distribution with k and (n — k) degrees 


of data points on the regression estimation. Maximum values of the coefficient — 
a determination yn (r? ) was not the only criterion used to select the best : subset 


g independent | variables in the regression model as the value of r’ can always 
be increased etting more terms to the model. An square of the 


‘ 
| 


= « 

will increase when the statistic of added. regression coefficients 
7s “are Ey than unity. Other criteria such as the residual standard error, 6, 
be and Mallows’ a Statistics (16) which measure Ge sum of squared bias plus 


* in which RSS, = residual sum of square of regression model | with Pp unknown | 
coefficients to be ‘estimated. The Mallows C, statistic ic provides 2 a measure : 


‘e: To reduce parameter uncertainty by using the weighting procedure mentioned | a 


_ requires the knowledge of information contained i in both sources, i.e., , the regional ce 
and local sample data, which is expressed as the variance of the estimate. 


7 = | 4 or the sake of illustration of the procedure, the log-Pearson Type III distribution 


is considered for the frequency analysis of flood magnitude. Equations 1-3 

used to compute the values of parameters, mean, standard deviation, and 

- a _ skewness of log-transformed stream flow observations from the sample. The _ 

§ variance of these parameter estimates derived from the sample was ae 
the method of jackknife and bootstrap. gh 


_ were determined by regression analysis. Benson (3) applied regression pe s 
iE 4 to the Southwestern region of the United States relating the flood a 
of specified return periods to meterological and physiographical characteristics _ 
of the river basins. He divided the region into two Subregions based on the | 
. * mechanism as to how the floods are generated, i.e., floods } produced by snowmelt 
and local thunderstorms or widespread tropical storms. The data used herein 
_ involved the subregion where floods are produced by thunderstorms which 
_ includes the central and eastern part of Texas and a small part of western "4 ae 
Louisiana. The ordinary least squares method was applied to relate the regional = 
ry sq ppli¢ 8g 
; & parameters, the mean (Y,), the standard deviation (S, ), and the skewness (G,), i 
to the physiographic and meterologic characteristics, the contributing 
drainage area (A) in square miles, the main channel slope (S,) (85%-10% points) * 
in feet per mile, the Yoscuntage of surface storage (S,), the total main channel — J : 
ims length (L) in miles, the 10-yr 24-h rainfall intensity (J) in inches, the mean ha 
i annual number of thunderstorm days (N,), and the ratio of runoff to precipitation — 
during the month when the annual maximum ‘peak discharge occured (R). ¥ 
- total of 95 gaging stations were analyzed in this region. The procedure for y 4 
_ examining the validity of assumptions in the OLS method consisted of an analysis _ 
= the residuals and of Cook’ s distance. The resulting regression equations son 


tell 
s 
i 
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1.424 + 0.064 In (A) + ( 0.00835, ) — 0.064 in (S, ) +.0.091 


= 3.6014 + 0. -102 In (A) 2.564 In (S,) + 4.201 (In (S,))* 

Table 1 presents G, Cc for the regression equations. The variances 


of Y,, S,, and G, were needed for. computing the weights W, for each parameter _ 
i) by Eg. 7. The square of the standard error of residual, Eq. 16, provided 
_ by regression analysis could not be used directly as the regional variance for 
a and S, in this study. By analysis of residuals for Eqs. 21 and 22, the normality | 
assumptions hold; therefore, Y, and S, are log-normally distributed so that the 
variances of Y, and S, can be computed 


TABLE 1 Used Variables i in Regression Analysis 


go 
residual of In (Y, ) or In (S)- In | addition, U & = the mean of Y, or S, for a 


r 
| 


= the value of In (Y,) or In (S,) provided by Eq. 21 or 22. Because nag 
of the log- transformation of the regression (Eqs. 21 and 22), the variance of 
-Y, and S, are data dependent while that of G, is constant, in this study 0.5087. 

= ) = Ui (exp ve (in ( ¥,)) (26) 


[in (¥,,)) 
inv U, = exp 


ummary OF MetHoos Teste> 
The ¢ following i is a summary of parameter estimation | methods considered: ies , 


Sample Statistics —Use Egs. l, 2, 3 to compute i.€., 


+ 0.057 
| 
9 


mean, standard deviation, and skew, respectively. 


2. pend Method. —This method uses ; Eqs. 1 and 2 to co the 


“and standard deviation and Eq. 4 to ‘compute a yeaa skew in — 7 
G, is from Eq. 3; G, is a map stow ftom 8 Bulletin 17; and the weight, “> 
hod used Eqs. and 2 to ‘the mean 
nd standard deviation and Eq. 4 to compute a generalized skew in which < 
_ G, is from Eq. 3; G,isa map skew from Bulletin 17; and the weight is computed 7 
«using Eq. 9 where 6 = G. The Var (G,) = 0. 55” from 17 and Var 
5. Tung and Mays Method J. —Computes : a generalized mean, Eq. 
in which Y, is computed using Eq. is computed | using 21; and Ww, 


“using the jackknife n method ‘and 12). A standard deviation, 


56 


in which s. is using Eq. 2; computed Eq. 2, 


using the jackknife method (Egs. 11 and 12). 


Pe. generalized skew G is computed using Eq. 7 the form of which is Eq. § 
in which G, is computed using Eq. 3; (G, is comput ted using Eq. 23; and 


is computed using Eq. 9 
Var (G,) + Var(G, 
The Var (G, ) is 0. seein de stated | sented, on Var (G,) is computed using 


the jackknife method (Eqs. 12), 

6. Tung and Mays ! Method B.—This method is identical to the Tung and 
_ Mays Method J except here the Var (F.), Var (S, ), and | the Var (G, ) are 
computed using the bootstrap (Eq. DB). 


© 


th and Standard deviation and Eq. Oo compute a generalized skew in which 
= @6FTs«“, is from Eq. 3; G, is a map skew from Bulletin 17; and the weight, Wor 
3 


ee different weighting procedures. Five drainage basins in the region are considered. 


In this section the application of the y reducing procedure 
and the comparison of its capability in flood prediction are made considering _ ‘ 
_ _ The United States Geological Survey USGS gaging station number, length of fe 
record, and values of and meterological variables es are 
different procedures, i.e., method of using sample Statistics only, 
* the WRC method, Taskers method, Fishers method, Tung and Mays Method 4 
J (TMJ), and Tung and Mays Method B (TMB) were first tested for their capability © 
of flood prediction with the consideration of the uncertainty due only to skewness. 
. Use the first Casnabiednond N,= 10 observations of the total N observations m0 
= to perf orm a flood frequency analysis by using the six different methods previously : 
a _ mentioned for parameter estimation. The analytical method of curve fitting 
lle computes (estimates) flood magnitudes, Z,, for various return periods, 1 T,for Jf 
the methods of ‘sample : statistics, WRC, Tasker and Fisher, using 


in which oo = the mean of the log-transformed N, observations; S = the standard 
deviation of the log-transformed N, observations; and = the 


the TMJ and TMB methods the frequency 
log = P+K . 


in which function of the return period and generalized skew. 


inw which N= - total number of observations a at the gaging station tested; Z,, lg 
= the N observed flood magnitudes with return period of T(t) = (N + 1)/t; 
and Z =a = = the estimate te of the flood magnitude wi with the same return ee 
4 determined from the frequency (Eq. 31) based upon ‘the N, observations. ‘Tk he | 
_ reason for choosing such a criterion as Eq. 33 is that it reveals the average — 
asin Characteristics for Gaging Stations 


7 
4 


| 
&g 
| | 
— 
8030500 66 9,329 0.96 185 4 6.73 0.6 wig 
3637 | 129 | 113 | 253] 661 | 52 063 
8057000 | 73. | 6,106 | 3.67 | 188} 5.68 jal 040 
goves00 | 79 | 20,007 | 2.77 | 1.23 | 706] 5.14 | 4 | 0.38 


‘TABLE 3- 3.—ERR, d ERR, 


Sample 


rate 8 


0342 | 7, 0.165 £ 
Tasker 0.158 
Fisher 
a Method] = |. 6,190 | 0.156 | 5,070 
and Mays 


Tung and Mays 
Method J 

Tung and Mays 
Method B 


Tasker | 0.232 0.0926 
Fisher (0.824 029 0.0907 
Teng and Mays | 

Method 60.521 

Tung and Mays 
Method B 


Tasker 


Fisher 


on 
Method ERR, | ERR ERR ERR ERR, | ERR, +°+& CF 
0.454 | 9,270 | 0.172 | 4,040 | 0.138 | 4,580 
4,600 
4,590 
4,590 
— 
388 
| 
| 3,90 
| 340 
q Sample 4,000 797 | 0.0941 
2,300 | 0.0408 | 992 | 0.0987 
Tasker (0.126 =| 2,800 0.0365 892 0.0960 (2,220 
0.131 2,930 | 0.0362 | 885 | 0.0959 | 2,210 
0.0876 | 2,040] 0.0351 | 857 | 0.0863 | 2,010 
0.0958 | 2,210} 0.03899 | 948 | 0.0965 | 2,230 
§,800 
5,470 
451000 
4,290 
4,290 = 
4,390 
0.177 13,000 
0.182 11,3000 
0.179 
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TABLE 3—Continued 


Tung and Mays 

Method J 


‘Tung and Mays 
Method 


-. value of the ratio to which the actual ee ibe viate fro om the en 


3. Calculate ERR, for each method. om 


The foregoing testing procedure was for each ¢ of gaging 

- stations tabulated and the values of the error criteria ERR, and ERR, were © 
* a' determined for each method and different sample sizes. The number of aut : 
samples generated | for the TMB method was 500 for all analyses in this paper. re 
‘The values of ERR, from Eq. 33 and ERR, from Eq. 34 for each ga gaging station - 
pies a using different comple sizes are listed in Table 3. This analysis considered the 
- first N, data points of the sample. Considering generalized parameter estimates _ 

: for all "three parameters resulted in decreasing values of ERR,. This is true 
7 for all the cases, except f for station 8030500 with / N, = 40. The reduction in 


= TMJ and TMB methods gave consistently better results than the other methods 
2 tested. This shows the importance of reducing the parameter uncertainty through 

: _ methods such as the TMJ and TMB presented herein which considers uncertainties — 
in the mean, standard deviation, and skewness, and which weigh the importance ~ 


q ao Based upon the results (value of ERR, : and ERR,) listed | in Table 3, th 
| 


_ ERR, for N, = 40 is larger than for N, = 20 and vee the same as - 
N,= 10. This can be explained by examining the streamflow sequence of | 
a these two stations keeping in mind that the observations are drawn chronologically — : 
- from the record. The annual ‘maximum streamflow values observed between 
the first 20 yr and the first 40 yr are more or less in the high-flow region — 
: i of the frequency curve determined by the total record. Then after the first 
_ 40 records, the flows observed are mostly in the low- flow region. This leads 
to the frequeacy curve having a better fit in the high-flow part for N, = 4 
than for N, = 20, and the reverse situation is true in the intermediate- and ol 
low-flow parts. In other words, due to the critericn for comparison | used and 
the realization of high- and then low-flows in the flow sequence, the peculiar : 
E results occured for stations 8033500 and 8096500. However, the main purpose 


= 


| 
| 
re) ms Study was tO Compare the Capaod yo ne erent method nel 


MARCH 1 MARCH 1981 
TABLE 4. of of Regional Estimates from 


Regional 


Variable variance J — 
q 


var 0.2397 | 0. 0.0354" 
| 0.8711° 
var(s) | 0. ‘| 0.0087" 

@) | ©. 0.3490" | 0.2276" 


0.0079 
0.6985 

0. 1212 

0. 6804 


(Y) 0.0659 
0.7732 
Var (S) | 0. 0.0394 
0.3800 
Var 0.6122 | 0. 
We 0.7965 | 0. 0. 0.9390 


0.0511 
0.8160 
0.0156 
0.6395 


0.0120 
0.9555 
0.0036 

) 0.2581 


> 


Jackknife to compute Var (6,). D ah her 


F 
— 
0.0260 | 0.0289 | 0.0119 | 0.0112 
0.9022 | 0.8924 | 0.9527 | 0.9552 ff 
0.0047 0.0049 0.0039 | 0.00333 
0.8739 | 0.8699 | 0.8948 | 0.9078 § 
0.1445 0.0842 0.0992 | 0.0341 a 
0.6410 | 0.7540 | 0.7225 | 0.8833 : 
= s Var (7) | 0.2577 | 0.0418 | 0.0393 | 0.0140 | 0.0139 | 0.0066 | 0.004 
0.8604 0.8678 | 0.9484 | 0.9490 | 0.9750 | 0.9757 
Var (S) | 0.0183 | 0.0356 | 0.0226 | 0.0092 0.0028 | 0.0025 
0.3393 | 0.4475 | 0.6642 0.8672 | 0.8784 
Var (G) | 0.2581 | 1.1961 0.2271 | 0.5132 0.1075 | 0.0453 
\ 0.7060 | 0.8507  ### 
i 
(e) Station 


flow based on ‘the sam same situation, for same amount of 
re Tables 4a to 4e lists the variances a the : sample s statistics and the variances Ba ‘ 
ee of the regional estimates from the regression equations. The variances of the . 
- sample statistics derived by the jackknife and bootstrap methods are listed. 
7? ae weights for each parameter estimate, W,, W,, and W,, are also listed for ng 4 
both the jackknife and bootstrap methods. s. AS wc would be expected, the 
of the sample statistics decreased with an increasing number of data, resulting — 
_ in larger weights for larger sample sizes. In other words, more weight is given i 


E> oi. to the sample statistics for larger sample sizes. The Var (Y) and Var (S) show 

é ier little variation between using the jackknife or bootstrap methods. However, a 
the Var (@) by these two > methods does show 


u considering station 8030500 Var (Y,) = 0. 2577 whereas the Var (Y,) = 0.0418 s 


te was computed using the jackknife with N, = 10. For the same station with 

| a a N, = 40, the Var (Y, )= = 0. 0066 was computed using | the ; jackknife. The ote 

7 rm Ww, for this station ranged from 0.8604-0.9757. The variances of the standard 

| ae eta showed somewhat differing results. Considering the same station, Var 

: a iv (Y,) = 0.0183 whereas the Var (Y,) = 0.0356, 0.0092, and 0.0028 for N, = 

- 10, 20, and 40 respectively were computed using the jackknife. The regional _ 

ay variance, Var (S,), is smaller than the Var (S,) for Np = 10 by a factor of 

approximately two, _ whereas for Np = 20, it is about 1/2. The weights 
ranged from 0. 3393 for N> = 10 to 0.8672 for 40. These results illustrate 
sy that the standard deviation is quite sensitive to the sample size and the uncertainty 
involved in the standard deviation is significant, especially for small sample 
sizes. Keep in mind that the WRC method does not consider due 

The variances: of the from sample ‘data, Var (G, ), varied 


larger than the variance of the statistics, “Var (Y .). For example, 


q 
¥ "significantly between those computed by the jackknife and bootstrap methods, wt 
resulting in significant differences between the weights, W,. This is shown Cs 
further in Table 4. The differences are smaller for larger ‘sample sizes, as can 
= seen by examining Table Sa. For N, = 10, W, = 0.1775 computed by f 
jackknife as compared to We = 0.4822 computed by the bootstrap. For 
a N, = = 40, We = 0.7060 computed by the jackknife- as compared to W, = ss 
0. 8507 connpaned by the bootstrap. Using the WRC method W, = 0 for N> 
= 10 and N, = 20, giving no weight to the skew computed with the sample _ 
‘Statistics. For N, = 40, the weight, W,, using the WRC method, would be ~ 
i: 0.2. The 0.2 is considerably too low as compared to the results provided in 
Table 4 where the weights would range from 0. 1-0. 
A methodology is introduced that can be used in frequency analysis 
parameter uncertainty. The methodology consists of developing 4 
generalized values of the parameters (mean, standard deviation, and skewness) _ + 


MARCH 19810 


statistics. Weights ar are defined asa function of the variances the sample 
~~ parameters and regionalized parameters. The variances of the sample peramctrs 
are determined using two nonparametric statistical methods, i.e., the jackknife 


through regression analysis. The e ability o of this methodology i is illustrated us 

_ flood flow frequency data for the Southwestern United States, 

ml _ Six different assessments concerning the weight between parameters ho 
4 rom the sample and from the region in flood frequency analysis are considered. 
4 he performance of capability in flood prediction by each method is compared 
using five drainage basins in Texas and Louisiana. The accuracy of flood flow 
frequency prediction with and without considering the uncertainty in the i 
and standard deviation is investigated. Two nonparametric statistical methods, -/ ‘ 4 
i.e., jackknife and bootstrap, demonstrate their performance and capability in 
helping the hydrologists assess and reduce the uncertainties involved in many 


— 1. _ Using weighted values of ‘Parameters (mean, standard deviation, and skew) 
& 


2. - The weighting procedure should atin i and be based on the variances 
- resulting from | sample estimates and regional estimates to minimize Parameter 


jackknife ar and bootstrap methods ‘provide a good means of | computing 


especially when the sample s size is small. tind 


q 


‘the variances of sample estimates of parameters. Regression | equations | based 
ge regional physiographical and meteorological variables can be used to = 
variances of regional estimates of parameters, 
_ 4. Consideration of uncertainty involved in estimating the mean and standard ~ 
- deviation should be included in addition to the skew uncertainty, which can 
- significantly decrease the error of prediction in flood flow frequency analysis. ie 
_ §. The methodology presented herein for reducing parameter uncertainty wé was 
found to be far superior to the WRC method and others presented for the 


limited amount of testing that was performed. 
_ 6. The method presented herein can be applied to other types « of f hydrologic — 


4 frequency analysis and is applicable | for any type of distribution. 


7. The method presented has a theoretical basis for determining weights 


wi 
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= = drainage are area of river basin; 
= F Mallows’ C, statistics; whan 
D, Cook’s distance of ith observation in regression 
) = expectedvalue; go | 
G = weighted skew coefficient; 
G, = regional skew coefficient; 
ie k = number of parameters in regression model; re 
K, = frequency factor for return period T in log-Pearson Il 


ep? mean annual number of thunderstorm 
= total number of data sets in regression analysis; noereie pitt 

ratio of runoff to precipitation during month when annual 1 maximum 

square of multiple correlation coefficient; 
regional standard deviation; ; 


ay 


= ben value of log- normal random 


= variance of log-normal random deviates; 


weight between sample and regional estimates of Parameter 6; 
= matrix of known independent variables in regression model; as 


Y, = sample mean of log-transformed streamflow records; 


= = of dependent variables in regression model; 
regional mean of log-transformed streamflow records; 108 


we Yy, = log-transformed streamflow; _ at 
lope = log- -transformed flow in bootstrap sample; ry 
> vector of regression parameters of regression model; 
variance e of dependent \ variable in regression on model; 
_jackknife estimate of standard deviation; 


> 
3: S 
S, 
0 = WCiEnted parameter estimate 
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, it was found 


independent ‘of the” degree | of ‘municipal waste treatment beyond 
treatment during storm flows (2). Approximately one half of the stream miles 

in the United States are water quality limited and 30% of these stream segments 
are considered polluted to a certain degree with urban stormwater runoff (4). 4 y 

The implication is that, generally, secondary treatment of dry-weather wastewater 
flows is insufficient to meet desired r receiving s water quality standards: : therefore, 

~ control of runoff pollution must be considered in areawide wastewater manage- 
ment plans and abatement programs. The results of a nationwide assessment a 


1. Wet-weather flows represent at least 50% of ‘the total wastewater flow 


generalized optin optimization model, assumning linear costs, predicted primary 
7 type facilities are preferable only up to a 10% level of biochemical oxygen 
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“ 3. On a national average basis using BOD removal as the effectiveness a 


parameter, +r, approx 39% of the combined sewer problem and 10% of the other ~ 
_wet- weather flows should be controlled before initiating tertiary treatment of | 


levels of urban water management Arars, (4) to permit 
screening of municipal treatment alternatives. Four distinct levels of evaluation — 
‘techniques, ranging from simple to complex procedures that can be integrated — 


with one are summarized | in the 


quantity and quality of urban runoff in the combined, storm and ines - 

-Methodology—use of a stormwater and an 
analytical method based on probability distribution functions and statistical “7 

‘ propertics of rainfall, runoff, treatment receiving impact. 

4 Level _ IL.—A simplified continuous simulation model for planning and prelim- 

"inary sizin of facilities, developed by! Metcalf & Eddy, Inc. ; ; or r the computerized 


Level refined continuous simulation model approach. Continuous 


‘toe simulation models, e.g., STORM or continuous SWMM, 
generate urban runoff hydrographs and pollutographs are f ollowed by continuous a 
receiving water impact analyses (Level | IIl- model). 
a Continuous SWMM—University of Florida 
STORM—Corps of Engineers by Water Resources Engineers, In Inc. aA 


‘tre IV pa sophisticated single event simulation model, e.g., EPA SWMM, . 
developed by Metcalf & Eddy, Inc., University of Florida, and Water Resources — ; 
ee first three levels essentially represent various degrees of planning detail 
a with models running on hourly time steps for long simulation periods (years). q 
ie _ Mathematical complexity and data requirements are e kept at a minimum. At 
e the third level, the methods used to generate storm runoff flows and —— 


mass rates or concentrations depend upon the continuous hydrologic simulation _ 


models that may be applied to both urban and nonurban watersheds: (1) The a 


Hydrologic Engineering Center’ s Storage, Treatment, Overflow, Runoff Model = 


| oth selected by the user. Such techniques are well documented for -® 


7 
a 
L e, no electronic 
digi 


(STORM); and thet United States s Storm 
re Water Management Model (SWMM) (8,9). The urban runoff flows and associated : 
pollutant concentrations and mass rates, derived from storm events over the — 
_ drainage area of interest, represent concurrent time series that are read by 
4 Level III-Receiving through the standard card reader devices, or from peripheral ik .. 
storage units /tape / drum). Since the program has the built-i -in 


model may be (15). Detailed ‘single- ~event models typically use = 
* time steps (minutes) and short simulation times (hours). Their data requirements a 
Since it is impractical, if not meet stream standards all of 
the time it appears desirable to express allowable limits for various pollutants Fs 
a on a probabilistic or frequency basis. The approach guiding the development — 
Level III-Receiving was that the cost-effectiveness of various treatment 
q alternatives can only be - determined realistically by a continuous analysis of “I 


the frequency of violation of water quality standards. Such an analysis provides 


an approximation of the integrated system to the treatment 
problem of specific interest is to assess the combined effects 
} of the major urban sources of water pollution upon river quality. The relative _ 
impact of wastewater sources is appraised by estimating their effect on DO 
q 7 concentrations downstream from the urban area. It is of further interest to 
_ distinguish clearly between the relative pollutional impacts of storm sewer 
__ discharges and combined sewer overflows. An abstraction of the urban drainage ~ 
system is presented in Fig. 1. The urban community served by a separate sewer 
_ system will convey stormwater runoff and municipal sewage through parallel | 
conduits. The BOD concentration of the storm sewer runoff is mixed with | 
the dry-weather flow (DWF) and accumulated sewer solids. An interceptor carries a 
the sanitary design flow to the municipal sewage treatment plant. The combined 
; sewer overflow is either given treatment or atowed to discharge directly to 


of the combined sewer overflow Q. and the flow ow (DWFCMB) intercepted for — 
"treatment by the DWF facility are identical. Any desired degree of treatmen ¥ 
_ may be imposed at both the DWF and the wet-weather flow (WWF) treatment 
plants. The concentration of the combined BOD inputs in the receiving water 


D, 


per liter; BOD, = 

area, in milligrams per liter; BOD, 

treatment plant effluent, in por per liter; BOD, 

4 wet-weather flow treatment facility effluent, in uittenta per liter; Q. 


wpetenam flow, in cubic feet per second; Q, = DWF treated effluent, in mer 
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The BOD concentrations of the DWF and WWF treated effluents are seth “ 
gop, DWFSEP) + ( (BOD, OD, DWFCMB)|(I R 


i 


in which BOD, = = BOD concentration of municipal sewage, in milligrams per per 7 


Fist 
ba 


PF 


YPA: YPA 


tract f the Urban Dra Syst 
betrac ion of the Urban Drainage Sys 


liter; BOD. = mixed BOD concentration in the combined sewer, in milligrams 2» 
_ per liter; BOD, = 

per liter; DWFSEP = DWF contribution from "separate sewer area, in cubic _ 
4q feet per second; OEaeD = » DWE contribution from combined sewer area, a) 
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in feet. per 2, = = urban runoff axe storm 
"sewer, in cubic feet per second; Q@. = combined sewer flow, in cubic feet 
-~iper second; R, = fraction removal of BOD achieved by the DWF treatment — 
- facility, and R, = fraction removal of BOD achieved by the WWF treatment 
. ‘The initial conditions of BOD in the river are defined by y Eq. |, and the 
hypothetical impact on the oxygen balance of the receiving stream is ciaiee 
by using simplified mathematical modeling approaches. The total hours of 
- runoff-producing rainfall throughout the year are separated into storm events 
by defining a minimum interevent time. For a given storm event, the runoff 
and pollutant loads are summed and the critical DO deficit is estimated as 
* function of several stream parameters: (1) Temperature; (2) flow, (3) oxygen 
concentration; (4) deoxygenation and reaeration rates; (5) longitudinal dispersion; _ thd 
and (6) BOD concentrations. The minimum DO is calculated subsequently sad 
a frequency analysis is performed. Stream velocity is computed as a function 
_ Of the discharge and the time and distance to each critical deficit point are 
The options used for the simulations include: | Yo 
gh Five inflow combinations of river flow plus: (a) DWF; (b) D DWF + separate 
_ flow; (c) DWF + combined flow; (d) separate flow + combined flow; and 
separate flow + combined flow; and (e) ‘Separate flow + combined 
2. Four DWF treatment rates (variable) HS 
Three WWF treatment rates (variable). 
4. Three fractions of measured upstream flow. 
i is included as a model option | to investigate th the relative impact 
e of urban stormwater runoff is significant in the upstream portions of river basins. 
7 This effect may be simulated by simply reducing the upstream flow to any 
‘desined fraction of its actual measured value. Thus, discharge into a dry river — 
The impact of urban runoff on the quality of the receiving stream is evaluated 
in terms of: Critical DO frequency curves, i.e., by the percent of time 
predicted minimum DO levels fall below a specified concentration; and (2) classical a 
_ DO sag curves for each inflow combination. During periods of wet weather, _ 
the program performs computations on an hourly time step. Otherwise, a daily 
time step is used. An economic evaluation of various control 1 strategies augments — 
the decision-making capabilities of such an approach. 
2 
_ The basic approach to define a wet-weather event is to analyze the runoff 
ie series sand establish the mi minimum number of of consecutive ; dry-weather hours | 


events is not defined in a strictly climatologic sense. The DWH refer to of these 

_ during which no runoff was produced. 

Ty _ The runoff time series is subjected to autocorrelation analysis. For hydrologic a 
is Practical to estimate the autocorrelation ‘coefficients an 


| 
¥ 


Open-series (5, 18). Tolerance limits ‘for a a time series 
which is circular and of lag 1 have been estimated for any percent probability 
level (1), and the technique has been extended for use with an open series 
_ for the general lag case (18). A plot of the serial correlation coefficients, r — 
_ against the number of lags, k, is called a correlogram. Autocorrelation 


analysis is essentially a study of the behavior of the correlogram of the process _ 


under investigation (16). The model compares the value of r(k) with the tolerance 


_ time (MIT) which separates independent wet-weather events is defined as the 


i 


z limit at the corresponding number of hourly lags, k. The minimum interevent : = 
| 


~ minimum value of k, for which r(k), is not significantly different from zero 
at a 95% probability level (15). 
Errect ON RECEIVING Waters pers >): 


4 and resulting minimum DO | concentrations are determined for a large: number _ 


of waste input combinations, treatment schemes, and receiving water conditions. 
The development of a detailed and sophisticated model is not justified for the 
_ problem context: to provide adequate information on the relative effectiveness — 
; of various pollutant control strategies in achieving selected water quality stan- 
q dards. The basic theory of mathematical modeling of one-dimensional bodies 
of water is applied for the spectrum of natural systems from freshwater streams 
_ to tidal rivers. The approach is particularly advantageous for a limited data 


_ base on natural system geometry, hydrodynamic variables, and water. Assump- | .* 


_ tions typical of models limited for preliminary planning are made (10): nay £ an 


Temporal steady- -state conditions prevail, in which all system parameters 
oo inputs are constant with respect to time, however, a relatively short time - a 


4 2. Natural system parameters (such as flow, velocity, hydraulic depth, deoxy-_ 
_ genation and reaeration rates, and longitudinal dispersion) are — constant 
the flow axis throughout each time step. 
3. All waste inflows to the receiving body of water occur occur at one point. oT 
_ 4, The effects of various natural biological processes (algal photosynthesis 
and respiration, benthal stabilization) are incorporated into a background quality 


: that is reflected by DO deficit (if none, by saturation) upstream from the waste — 


inflow point. Any benthic buildup is incorporated into the BOD decay rate. oo . 


Waste treatment facilities operate at constant efficiencies, independent 
~ hydraulic and organic loadings, for the entire period of simulation. = 2) 
Some additional observations are appropriate with respect to the validity of 
P sinalotion a transient situati situation with a steady state model such as Level III-Re-_ 
It essentially averages loads stream conditions over 
an event duration, using an hourly time step, 
- It assumes that increased wet-weather flow will not cause sudden scour " 
benthal deposits sufficient to drive the DO to zero. 


) 
a 


to the time scale of the receiving st reaponse, iLe., time to critical DO. 
doa = lb bus vod L 
When the transient pulses are greatly damped. Thus, 
_ the model is not suitable for use on small, flashy streams where most of the 
- hydrograph consists of urban runoff. Level III-Receiving uses DO, because 
in spite of limitations on its implications on receiving water quality, it still 
__‘Tepresents the only parameter, besides bacteria, defined as a water wor ll 
_ standard in most states. For example, there are seldom any nutrient, sediment 
or toxic standards. Furthermore, these standards apply to dry-weather periods . 
only. None of the regulatory agencies have established an allowable frequency — 
of violation of water quality standards. 4 


ra ay Balance of Polluted Streams and Tidal Rivers.—In view w of the sewtes dl 


which Cc concentration of water parameter (pollutant), M/L ; 
* E(aC/ax) = mass flux due to longitudinal dispersion along the flow axis, 
the x direction, M/L”?T; UC = mass flux due to advection by the fluid containing 


the mass of pollutant, M/L’T; S= = sources or sinks of the substance C, ae T; 
U= flow velocity, L /T; and E= = longitudinal dispersion coefficient, L’/T Tr 
Me ‘The ‘equation a assumes 2 no diffusion of pollutants through the body of water 
boundaries (other than what may be included in the source-sink term) and is 
_ best suited to predict concentrations relatively far downstream from the point | 
of waste injection. Since critical DO deficits usually occur some distance — 
_ downstream from the waste source, Eq. 4 is adequate for such” predictions. 
main sources of dissolved | oxygen in sti stream “systems are atmospheric 
reaeration and oxygen production by photosynthesis. ‘The major sinks include ci 
oxygen demand (CBOD), nitrogenous oxygen demand (NBOD), 
_ benthal demand, and respiration of aquatic plants. In the model, the effects _ 
_ of photosynthesis, respiration,and benthal demand are assumed to be incorporated — 
into the measured upstream DO deficit. ‘Field measurements of organic and 
_ ammonia nitrogen ; present in all wastewater inputs to receiving waters are seldom _ 
available, much less during runoff events. Thus, nitrogenous oxygen demand — 
a is currently neglected. Since it is desired to solve for the DO deficit an Moire st ‘- 


in which m = (U/2E){1 (4K, E)/U*} for x20; D= 


in alle rams per meat; E 


4 
rw ont 
DO deficit, 
/square feet ff 


per 
mm constant 
carbonaceous BOD, per hour; and L, “= ‘remaining carbonaceous 
atx=0,in milligrams perlite, 
a _ Critical Deficit and DO Levels. —The solution to Eq. 6 pas a function « of i 


K, - 
in wack D,= initial DO deficit, ‘in | milligrams per liter; ¢ = x /U U = translational 
time, in hours; [U7/QE) (1 V1+ [@K,E)/U*]), per hour; g = 
/2E)\ 1+ [(4K,E)/U? 7 per ‘hour; 5, = Vi1+ [(4K, £)/U*), 
dimensionless; and s, = 1+ E)/U’], dimensionless. 


— time at which the maximum deficit occurs is obtained by taking the 


“— 


partial derivative of Eq. 7 with respect to time, setting the resulting equation — 
to: zero and solving for time. . After simplification and convenient 
in which ¢. = elapsed time at which the critical in hours; f_ 
= self-purification ratio = K,/K,; and R= ratio of the initial DO aged ni z 
to the initial BOD, L,, dimensionless. 


Finally, the critical deficit is } found by substituting the value of ¢, given - 


in which D.= = critical (maximum) deficit, in per liter. 


in which C,,,, = concentration of DO at maximum deficit, in milligrams per 


- liter; and C, = saturation concentration of DO, in milligrams per liter. The 
saturation concentration is determined from the Wee gant (17) 


= 14.652 — 0.41022 T + 0.0079910 T? — 0.000077774 


4 


_ in which T = water temperature, in degrees Celsius. a 
a For freshwater streams, the advective flux is significantly larger than the aaa 
} mass flux due to longitudinal dispersion. In a tidal river, the advective and a 
_ dispersive fluxes are both significant. However, it should be noted that even 
for large, deep rivers, the effect of dispersion generally cannot be neglected © 
_ when the wastewater inputs are time variable (13,14). If the model user wishes 
- to neglect the dispersive flux, the classical Streeter- -Phelps formulations a are 
= The Langbein and Durum (11) equation for the prediction of the reaeration | 4 
coefficient was chosen because it is most closely related to subsequent procedures 


q 
4 
c 
1 


4 in which K, = reaeration coefficient at 20° C, per. 0 = stream velocity, 
in feet per second; and H = stream depth, in feet. 
a The problem lies in obtaining values of U and H, since the streamflow varies _ 
with time. In the absence of measurements, or if the data cannot te obtained 
in an expedient manner (as in the ensuing application to the Des Moines River), _ 
an approximation | can be made (12) which uses strong. correlations between 


in which Yi» Y2 = regression coefficients. Temperature corrections are applied 


The city of Des Moines, Towa is located near the of the 
_ Moines River and the Raccoon River. It contains approx 200,000 out of the 


_ 2 total population of 288,000 for the metropolitan area (3). The mean annual 
7 precipitation is 31.27 in. (795 mm) which is approximately equal to the United : 


— 


States average, and the average value for the state of Iowa. The urban area 


covers 49, 000 acres (19,830 ha) of land which has gently rolling terrain. Most - 
of the area, 45,000 acres (18,211 ha), is served | by separate sewers, » while 4,000 - 
(1,619 ha) are served by sewers. Davis and Borchardt 


from March 1968-October 1969. 


autocorrelation function of hourly runoff events for Des 
% presented | in Fig. 2. An essentially zero correlation (within 95% tolerance _ 
limits) between runoff events first occurs at a lag of approx 9 h, defining the 
minimum interevent time. The physical interpretation is that periods without — 

runoff for at least 9 h separate uncorrelated, and therefore independent, 
_ wet-weather events. The hourly urban runoff and associated pollutant loads - 
= each event (including DWF pollutant loads during DWH periods less 
than 9 h duration) are | summed, average conditions are determined, and the — 
model proceeds with the receiving water analysis. 

B: _ Model calibration was preceded by calibration of the urban runoff BOD, 

- loading rates for Des Moines, Iowa as computed by STORM. Model parameters 
were adjusted to obtain a fit between calculated and observed profiles of DO 
(standard error of estimate = 1.86. mg/L). These curves are shown in Fig. +4 

Pi along v with other Pertinent information, and correspond to a point 5.6 ‘miles 


- 

sz _ in which Q = streamflow, in cubic feet per second; and a,, a,, B,, B, ei" _ 
. regression coefficients. The model user also has the option of computing the @>- 
 deoxygenation Coe a nower ion er denth (1())- 
q 
' ‘stormwater discharges, and surface waters in the metropolitan Des Moines area 
| 
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km) downstream from the confluence of Des Moines 7 
_ Rivers. The average time to maximum DO deficit in the stream was 32 h — aie 
40 miles downstream); and the average wet-weather event duration was 6 _ 

(minimum = 1 h, maximum = 24 h), as defined by a minimum interevent 

‘rc of 9 DWH. Thus, the assumption that the ti time scale of the urban runoff event - 


"total rainfall that fell o over Des. Moines, during 1968 v was 27. 59 
in. (701 mm): STORM computed a total runoff of 10.28 in. (261 mm). A large 
of wastewater inflow and treatment rate combinations were 
and the complete results are available elsewhere (15). It is appropriate to examine 

the model estimates | ; of critical DO concentration in the Des Moines River, 
all waste inputs, for conditions assumed to exist in 1968 during | 


"ORY WEATHER DAY 968 
URBAN DWF + UPSTREAM SOURCES — 


—— TREATMENT | RATE: 
95% (TERTIARY) 
5% (SECONDARY) 
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FIG. 6. —Dry- Weather D DO Fr Frequency Curves for DWF: Treatment Alternatives: 


: - indicate that all combinations including a substantial amount of wet- weather 
flow (WWF) result in a drastic decrease in river minimum DO concentrations. 

_ For example, 63% of all wet-weather events caused minimum DO levels below 
4. 0 mg/L. Raw sewage and primary effluent were by-passed to the Des Moines 
River on an intermittent basis from January-August (accounted for in the : 


due to construction of high- rate trickling filters. 
_ The minimum DO frequency curves in Fig. 5 compare six treatment deepen . 
4 to reduce water pollution during periods of urban runoff. Even option these, 
with a a small percentage of urban runoff treatment, is is superior to all alternatives: = 


) 
| 
q q 
| 


a flow was on n the average 94% of total river flow, ranging from 82%-99.6%. i> 
& The results are shown in Fig. 6. Ninety-seven percent of the dry-weather a 


J exceed a minimum DO concentration of 4.0mg/L with DWF NF secondary treatment. 


OF Connor ALTERNATIVES 


Six alternatives to existing DWF treatment in Des Moines during 1968 are 
Upgrading ‘the treatment plant from a high-rate trickling filter configuration 


to an activated sludge-coagulation-filtration system (85% BOD removal to 95%). 2? 
2. Downgrading DWF treatment to p primary (85% BOD removal to 30%). ot 
_ 3. Providing urban runoff control at four levels of BOD removal “while 
secondary treatment of DWF: (a) 25%; (b) 50%; (c) 75%; or (d) 


4 “must aia a an intermediate- -stage modification to ) activated sludge. A detailed 4 
cost analysis is presented in the nationwide assessment (6). Cost estimates of 
= various storage/treatment mixes for stormwater control are based q 

on the results of a constrained optimization model (7). Total annual cost” for or : 
optimal solution can be approximated byt functions of the form: * a Sear af 

in which Z* = total annual cost, in dollars per acre; k, 6 = parameters; R, 

= pollutant removal, as a percentage, R, =< R, = R,; R, = minimum percentage 

pollutant control such that the Seacten{ is convex (€.g., 10%), and R, - = maximum — 

For example, the cost of wet- weather | control for the storm sewered area 

of Des Moines may be estimated — 

= 3.61 61 90.037 = 

in which Zsr = annual cost, in dollars per acre of storm Sewered area; and 


in which Zeo = cost, ‘in per acre of combined area. 
_A basic assumption is that a secondary treatment technology is applied to control 


_ urban runoff pollution, e.g., biological treatment, physical-chemical treatment. “7 
_ The total annual costs for both dry-weather and wet-weather flow control are | - 


7 ‘The Des Moines River is mostly classified as a warm water B stream by 


ast the state of lowa, such that the absolute minimum DO level specified is 4, LO 
= mg/L. Figs. 7 and 8 summarize the cost-effectiveness of each option ‘during a 
periods of urban runoff and throughout the entire simulation, respectively. Costs , 
of wet-weather control include the annual cost of secondary treatment of DWF. a 
| “Fig. ol shows that, even n during periods of urban runoff, wet-weather control 


ne urban area served DY Combined sewers may De approximated O era, ; 


TABLE 1 —Annual Costs for or Control Alternatives 


activated sludge-coagulation- filtration 


high- -rate trickling filter thes 1,843,000 
Wet-weather control,” (BOD removal as a 7 
2,682,000 


(we Includes amortized capital costs (20 yr, 8%, Engineering News-Record index 2200), 
plant size 35.3 mgd (1.55 m’/s). 


_ “Based on 45,000 acres (18, 211 ha) of ‘aii sewer er area; 4 4,000 acres (1,619 ha) of pee 7 
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FIG. 7 Effectiveness of Control during Periods of Urban Runoff 


< 


| 
| 
4 
| 
| 


should be considered only after a secondary treatment of DWF 
has has been achieved. However, beyond that level 25% and 50% WWF treatment _ 
become competitive with DWF tertiary treatment technology. It is clearly shown 
in Fig. 8 that, when the entire period of simulation (1 yr) is considered, 85% a 

WWF treatment becomes asymptotic to the minimum number of violations that 

can be achieved, at a very high cost. Both 25% and 50% — Poet 


INCREASING % 


REMOVAL OF wwr, 
OWF SECONDARY 
TREATMENT 
is. 


REMOVAL OF DWF; 


PRECIPITATION 
OF RECORD: 1968 
ANNUAL RUNOFF: 10.28 in. 


we 
Proce 


her TOTAL OF DAYS DURING WHICH 


Summary ano Conciusions 
simplified rive river quality ‘model has been to permit 


a planning and screening of areawide urban wastewater treatment alternatives, — 
int terms of ee of violations and more traditional oo such as 


Level may be interfaced through peripheral storage devices 


= 
| 
4 
effects of waste inputs from: (1) Upstream sources; (2) dry-weather urban sources; 
| 
— 


90 
various hourly, continuous urban simulation 
os 2. A large number of wastewater inflow combinations, dry-weather flow 
and wet-weather flow treatment rates, and upstream flow conditions may be = 
simulated. Thus, a comparative evaluation of control alternatives is cal 


in terms of their ‘subsequent impact on receiving water quality. 
oe Continuous analysis allows representation of water quality impacts due 
to the random occurrence and probabilistic nature of hydrologic phenomena. _ Be 


«4 It computes a a minimum interevent time to define statistically independent 
300 


te applied t to the surface drainage phase of most urban catchments by ie 
age the input data to reflect the particular study area and hydrologic time 
series. There is virtually no limitation to the size of catchment modeled. ¥ 
theory, an unlimited number of storm events may be processed; however, practical ae 
_ considerations such as computer time and costs may be limiting to some users. — 
Data requirements are common engineering analysis of “nonpoint 


_ problems. Field measurements, quantitative and qualitative, are necessary to : 


- adequately calibrate model parameters and verify predicted values. An application 
to Des Moines, Iowa has been presented. Results indicate that wet-weather i 
control should be considered after ¢ a secondary | treatment has 


_ The development of the model was supported by funds enter | Grant No. 


; R 802411, Municipal Environmental Research Laboratory, Office of Research — 
and Development, United States Environmental Protection Agency, Cincinnati, 
Ohio. Distribution is through the Center for Water Quality cele _ 


States Environmental Protection Agency, Athens,Ga. 


Anderson, R. “Distribution of the Serial Serial Correlation Annals” of 
Mathematical Statistics, Vol. 13,1942, pp. 1-13. 
2. Colston, N. V., “Characterization and Treatment of Urban Land Runoff, ” Technical 
Report EPA-670/2-74-096, United States Environmental Protection Agency, Washing- 
3. Davis, P. L., and Borchardt, F., “Combined Sewer Overflow Abatement Plan,” _ 
- Technical Report EPA-R-73-170, United States Environmental Protection Agency, 
Washington, D.C., 1974.00 
4, Field, R., Tafuri, A. N., and Masters, H. mR “Urban Runoff Pollution Control 
Technology Overview,”’ Technical Report EPA -600/ 2- 77-047, ‘United S States Environ- 
mental Protection Agency, Washington, D. C., Mar., 1977. 
 §. Fiering, M. B., and Jackson, B. B., “Synthetic Streamflows,” ” Water Resources : 
Monograph |, American Geophysical Union, Washington, D.C., 1971. tary 
6. Heaney, J. P., et al., ‘‘Nationwide Evaluation of Combined Sewer Overflows and 
— Urban Stormwater Discharges, Volume II: Cost Assessment and Impacts,”’ Technical 


a EPA ~600/ 2-77-0646, United States Environmental Protection Agency, Washing- — 


Heaney, J.P., Nix,S.J., Murphy, M. P., “Storage-Treatment Mixes for Stormwater 
ee —— Journal of the Environmental eat Division, ASCE, Vol. 104, No. 7 


a 
q 


RIVER QUALITY MODEL 
‘EEA, Proc. Paper 13966, Aug., 1978, 581-59: wey «4 
_ 8. Huber, W. C., et al., “Interim Documentation, November 1977 Release of EPA 
SWMM,”’ University of Florida, Gainesville, Fla., 1977 5A, A! 
9. “Urban Stormwater Runoff: STORM,” Generalized Chilepliter Program 723-S8-L7520, 
‘Hydrologic Engineering Center, Corps of Engineers, July, 1976. 
0. “Simplified Mathematical Modeling of Water Quality,’ Hydroscience, Inc., United 
States Environmental Protection Agency, Washington, D.C., Mar., 1971. a2T 
11. Langbein, W. B., and Durum, W. H., “The Aeration Capacity of Streams,” — 
States Geological Survey Circular 542, Washington, D.C., 1967. = = | 
‘12. Leopold, L. B., and Maddock, T., ‘The Hydraulic Geometry of Stream Channels 
_and Some Physiographic Implications,’’ United States + Geological Survey Professional 
Be Liu, H., ** Journal of the Enviro 
“Engineering Division, ASCE, Vol. 103, No. Proc. Paper 12724, 
14. McQuivey, R. S., and Keefer, bs N., “Simple Method for ‘Predicting Dispersion 
in Streams,” Journal of the Environmental Engineering Division, ASCE, Vol. 100, 
No. EE4, Proc. ‘Paper 10708, Aug., 1974, pp.997-1011. 
15. Medina, M. A., ‘Level III: Receiving Water Quality Modeling for Urban Stormwater _ 
Management,” Technical Report EPA-600/2-79-100, United States Environmental 
Protection Agency, Washington, D.C., Aug., 1979. oadig 
16. -Quimpo, R. G., “Autocorrelation and in 


the Committee on Engineer- 

am ing Research, N. L. Nemerow, Chmn., Journal of the Sanitary Engineering Division 
ASCE, Vol. 86, No. SA4, Proc. Paper 2556, July, 1960, pp. 41-53. 
18. Yevjevich, V., ‘Stochastic Processes in Hydrology,’ ” Water Resources Publicati 


il 


‘BOD = biochemical oxygen demand, in perliter; 
BOD, mixed BOD concentration in the combined sewer, in basal 


BOD, = BOD 


_ BOD concentration of municipal sewage, in iy per sed 


BOD concentration of | of treated wet-wi weather ¢ 


= = standard BOD test, 5 days at 68° F (20° C), in milligrams per lite 
C = concentration of water quality parameter, 
= concentration of DO at maximum deficit, in ligrame ps per ee 


deficit = Cc, — C, in milligrams per liter; 
Titical deficit, in n milligrams per | liter; 


| 
= 4 
q 
— 
— 
‘a 
4 
B.2 BOD, = BOD concentration of urban stormwater runoff, in milhgrams per 
BOD, rban area, 
| 
— 


~ 


280 
= ‘initial DO deficit, in perliter; ‘mp 

E= longitudinal coefficient, in square feet per second; 


ig ae 


= carbonaceous BOD c concentration, in in miligramsp per! er liter; 
= streamflow, in cubic feet per second; 
Q. = combined sewer flow, in cubic feet per second; 


= | DWF treated effluent, in cubic feet per second; 


a = - fraction removal of BOD achieved by the WWF treatment rari 
= pollutant removal, as a percentage; 


maximum pollutant removal, as a percentage; 
minimum pollutant removal, as a percentage; 
ang estimate of lag-k autocorrelation coefficient for n 
= stream temperature, in degree Celsius; 
= 2 time at which critical deficit occurs, in hours or iim bes 
= = flow velocity i in stream, in feet per second; ao ¢ 
distance downstream, in feet or miles; 
annual cost, in dollars per acre of combined sewered area; a 
= sme cost, in dollars per acre of storm sewered area; and 
total annual cost, in dollars per 
regression coefficients; 
regression coefficients; 


> 

az Q,, =  wet-weather flow (WWF) treated effluent, in cubic feet per second; 
Z 
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Houry RESERVOIR Orerarion 


fos po By ‘Leonard Bec er and William W- -G. Yeh M. ASC 


~The second writer et al. (3) described a real-time reservoir operation optimization - 
procedure which could be applied to multiple facility situations involving nonlinear 
constraints and objectives. Application was made to the Central Valley Project 
(CVP) in California. The procedure essentially consists of licsiaental Dynamic 
- Programming with Successive Approximations (IDPSA) for which a required 
‘initial feasible policy is generated by an adaptive Linear Programming (LP) 
This routine included “ADJUST” ‘procedure which operated on 
@ _ ‘the LP output to exclude those releases which were known to cause rough ~ 
) operation of the turbines. The resulting policy consists of a set of releases — 
which satisfied the hourly power requirements and other physical constraints, 
but were not necessarily optimal due to the linearization of the power generating 
curves. Use of the previous day’s policy is often not possible, this use being — 4 
; _ previously excluded by the relatively irregular hourly power demands from day ¥ 


7 The CVP sysiiontion was successful in that daily generated energy could 


first to the attainment of an initial feasible policy. The 
LP routine requires considerably more computer core for execution than does ie 
a the IDPSA, and this requirement has led to low priority and large turnaround | 
_ times on the Bureau of Reclamation CYBER computer; and large turnaround 


time is inconsistent with real-time operation. sat 


shutdowns of the generating units—i.e., the incorporation of 


into the optimization model. Such scheduling is not now 
In general, the IDPSA procedure reduces dimensionality by decomposing a 
system: into a number of subsystems, and optimizes each in serial fashion. 4 Ps 


"Asst. Research Engr., School of Engrg., and Applied Sci., Univ. of California, , Los 
 ?Prof., School of Engrg. and Applied Sci., Univ. of California, Los Angeles, h Calif. ba! 
Note. —Discussion open until August 1, 1981. To extend the closing date one month, 

a written request must be filed with the Manager of Technical and Professional Publications, 

_ ASCE. Manuscript was submitted for review for possible publication on January 22, 
1980. This paper is part of the Journal of the Water Resources Planning and Management 
_ Division, Proceedings of the American Society of Civil Engineers, @ASCE, Vol. 107, — 
WRI, March, 1981. ISSN / 8) to ; 


; than with the current operating procedures. However, improvements to the 
' model have been suggested by a number of problems encountered in its use 7 
— 


Ranging over several of the subsystems. The CVP hourly power demand is how 


"The modifications described in the following greatly facilitate the attainment at - 
ofa good initial feasible policy and eliminate the need for the LP, minimize — 
nape sant “ups and shutdowns of the generating units, and result in ‘better: 
Removal of the hourly p power demand the formal ‘set of 
constraints makes possible a number of simple formulations whereby initial 
feasible policies can be obtained. The power demand requirement is incorporated | 


into { the IDPSA objective function as a “‘soft constraint”’ via a penalty function 


abe 


» 


ay 


7 
j Let us define the penalty P, by 
tt which ou - total generated power; D: = demanded power, Tol = tolerance 


in meeting a given quantity of demand; and i = hourly time period. a : 
Incorporating the penalty function into t the original objective function 


and introducing a weighting factor W,, the modified objective function becomes 
max (G,+ W, min -Tol,,(G,—D,)]} .. 
of the generated power in any hour, G,, is : entitle than the power demand, te 
D,, by more than Tol,, there will be a penalty proportional to the deficit and — 
@ the value assigned to W,. In the absence of any other modification, the 


_ assignment of a relatively large value (e.g., , 10) to W, would result in the later 


| 
| 
ia 


a stages of the IDPSA algorithm, in policies which are feasible with ‘Fespect to i 
the power demand requirement. agit edt 10) OL = bas OF to 
2 Since generator performance is nonlinear, particularly at the lower power wt 
_ values (a typical performance curve is given in Fig. 1), optimization is inhibited | 
_ when the IDPSA procedure does not allow zero releases at each plant — ; 
at } each time interval. IDPSA generally would not allow z zero releases, in that 


for or possible release through each plant at each interval) ar are e added to and —— 
_ ed from the states of the previous policy, and the probability of a zero release 
at (zero difference between states in any two successive time intervals) is nil _ 
unless the previous policy had such a zero release. Releases close to zero would 4 
be rejected by the algorithm since water would be expended with no power bed 


and an initial feasible policy would tend to keepits structure throughout 
aa ath solution to this difficulty i is offered by an adaptive procedure i in incrementing _ di 

from the last ‘‘optimal’’ policy to the trial policies which will be considered 
_ iby the IDPSA for possible improvement of the objective function. At each a ) 
interval, the or negative increments are modified to 


TABLE 1 of Results, Objective Function 


_ “Input policy is ——— policy for IDPSA algorithm of Ref. 3; input and final policies 


common weights (W,, W, basis. — 


in that if the are within a specified 

‘difference from the states of the previous interval. The point in Fig. 1 labeled abs ; 

TOOLOW would represent the specified difference. 
start-ups and shutdowns may be Tots following penal alty 


| cee t 
4 


for each facility, f, ‘in ‘which AB: ABS represents absolute value; G? = the facility a 
_ generated power at hour, i; and G%, = the power generated by the facility “ 
the 24th hour of the previous day. The implication of P, is that it encourages 
smooth operations that minimize start- -ups and autem. A weight, W,, may 7 

_ be assigned to this term, and if the term is considered as a penalty function, — 
the objective (¥ (which is considered in turn for each facility by stale Repemes. 


—Tol,, (G, — D,) W, > ABS G/_,) 
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This objective function was used in the CVP ¢ application by assigning values 
of Ww, = 10 and W, = es for the first three IDPSA « _ cycles (during which 
start-ups and chundowns we were minimized at the cost of some power deoptimization _ 
and power demand constraint violation) and values of W, = 10, W, = 1 for — 
7 the next three IDPSA cycles (during which demand constraint vislinioke were : 
minimized). Optimization for the latter 3 cycles was performed with emer rr 
TABLE 2—Comparison of Results, Dec.17,1975,CVP 


Power 
_jdemand, 


| Megawatts 
(14) 


380 
Total 
“Includes Keswick and Nimbus outputs. 
—. Note: Optimal policy of IDPSA in Ref. 3; 1 = input policy to modified IDPSA, i 2 
ia megawatts; O = output policy of modified IDPSA, in megawatts. = = 


smaller values of the nominal state increments, in accordance with normal IDPSA 
Semana and the unit commitment pattern obtained at the end of the third — 
<a was not generally disturbed. Convergence is established when there is 
no change in state for. all hours during the optimization, which in turn implies 

- that a a local optimum has been reached. The smallest state increment used was 


— 
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Comparison oF OF Resutts 
Release policies, reported for some days (3), were compared 
with policies obtained by using the modified IDPSA. _ Table 1 shows the — 
considerable improvements in the objective function, and Table 2 compares, 
in some detail for each CVP facility. the policies for one of the days. Table 
; Te 2 includes Keswick and Nimbus re: culating facilities which are approximately — 
- constant output in total CVP generaticn. The policies obtained by the use — 
» _ the IDPSA algorithm described in Ref. 3 were initial policy inputs to the modified — 
= IDPSA. The megawatt tolerance on the power generation was taken as five an 
- In general, it would appear that the modified IDPSA allows a better ‘“‘optimum’”’ 
_ to be obtained than does the normal version. However, more extensive compari- 
- sons would be desirable to confirm this conclusion. Multiple start-ups and 
shutdowns of generating units are greatly decreased. Additionally, the IDPSA _ 
modifications facilitate the fabrication of an initial feasible policy since it is | 


Unnecessary tl that the initial | the each 


The 1 researc 
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_ of which have been published by ASCE. Discussion of a 
anyone who has significant comments or questions regarding the content of the paper / technical 
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_ _of a paper/technical note and they should be sent to the Manager of Technical and Professional 
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-in. (280-mm) white bond paper, typed double- spaced with wide ‘margins. The length | of 


A: 


of manuscript including figures and tables); the editors will delete matter extraneous to oe ; 
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5 ze to rejection if | it it contains 1 matter readily found elsewhere, advocates special interests, on on 


or is foreign to the purposes of the Society. “All Disoussions should be written in the third 


ss and the discusser should use the term “‘the writer’’ when referring to himself. The ae 


author of the original paper/technical note is referred to as author.” 
Discussions have a specific format. The title of the original paper/technical note appears - 
at the top of the first page with a superscript that corresponds to a footnote indicating the a 
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Two oF WATER PLANNING METHODOLOGY 


Discussion by Ellis L. Armstrong,> Hon.M. ASCE 
gailesh vol "yaolobodtem sved) tec) odT 
SS a The author has presented an interes f his version of water planning 
| ---—s methodology during the past two centuries, some of which is considered sound ad 
a if by the writer. However, there is a taint of the cynicism of an academician 
_ viewing his interpretation of the motivations in the ‘‘real’’ world. pane a 
= may be only Partly or occasionally So, create a distorted overall view. 


injustice to most engineers. The innenduoes ar are (italics provided): 
(1) Demonstration that a predetermined solution is economically feasible; (2) | 
selection of the least costly of several similar and mutually exclusive structural 

solutions; (3) selection of the least costly alternative; (4) identifying all possible - 
reservoir sites in a region and attempting to find some use for each; and (5) 
the design | of a specific structure. 

thes 

predetermined solution isn’t formulated in a vacuum, or chicanery, 
or by sheer stupidity (it may be on occasion), but has come about by at least — 7 
= degree of planning. Wide experience, education, and background often 7 


enable judgements to be made without the elaborate and often omy and 


recent environmental impact ‘statements which ‘produce volumes of minutiae, 
much of which is irrevelant and insignificant, are examples of this type of 
oie ae The writer strongly supports intelligent planning that realistically — i 
and fully evaluates various options that will meet the defined needs, or that 
is necessary to define the needs, but it should be done with judgement and — 
common sense as a means to an end, not the end itself. 
4 The fourth definition of the original paper implies a cynical \ view of practicing ‘ 
a engineers; and the second paragraph takes the same type of view of engineering 
schools and of the reasons for constructing projects. The concept that projects _ 
a _ 4 are built to “‘keep staffs busy’’ or will “‘establish a world record”’ is poppycock. — 
All motivations are many faceted and there are shortcomings, but some credit ad 
"should be given to engineering professionalism. The author’s innuendoes certainly _ 
don’t agree with the writer’s viewpoint, or those he has observed in most of . 
his colleagues in 45 yr in the public works action arena. 
_ The author’s statement that consideration of environmental factors is ‘ “relatively ; 
new’’ appears to be based on a narrow view of what an environment is. From 
the beginning, it has been the job of the civil engineer to utilize natural resources — 
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d adapt so that man could and have a 
Of course, to do this most effectively as populations increase, requires — 

a full understanding of how to work with and adapt natural conditions for 

the good of mankind, both short range and long range, and this is not easy. | 

a There have been mistakes made, of course, especially when viewed from today’s | a 
affluent perspective. The definition of a ‘‘quality environment”’’ is quite different 


an 
life. 
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= our affluent society than when most people were struggling to survive, » Or 
from the viewpoint of a college professor with tenure compared to those in 
our society struggling to escape the bonds of poverty, =| ce 
The writer agrees that there isn’t a ‘formal methodology”’ for dealing with 
environmental problems, as the author states. The issues are too complex and 
the extremists have created too much confusion. No | doubt an “endangered” — 


something or other can be found on every square mile in the country. The 
inference that engineers aren’t concerned, is nonsense. What engineers are a a 
concerned about are reasonably balanced solutions to problems, including an ao 
intelligent consideration of environmental factors. 

- The statement that “‘because engineers seemed peculiarly i irresponsive to this 
view (that people were concerned about the environment) planning teams are 
becoming multidisciplinary . . .,”’ is superficial. Multidiscipline planning teams: 
were organized, usually by engineers, to bring the knowledge and abilities of 
various disciplines to cooperatively work to resolve the complex issues of = 


4 society. While United States Commissioner of Public Roads in the 1950s, the 


a teams, and suggested in a speech to z a conference of sociologists | that it was 
high time they expand their analysis of what society has done wrong in the | 
past, and contribute > something by providing input in a positive way to the 
_— organizing the Western U.S. Water Plan Study (authorized by the Colorado 
- River Basin Project . Act of 1968), the writer, as United States Commissioner 
of Reclamation, insisted that it be done as a multidiscipline, multi-institutional 
undertaking, with full input from the various involved disciplines. . This action 
s One of the great shortcomings of many historians is that information in a 
‘publications which they ‘“‘scholarly’’ analyze, is too often extremist and twisted 
views of shortcomings, and very little appears regarding the positive accomplish- 
ments; thus evaluations are distorted. This was particularly apparent to the : 
— in preparing the 200 0 year history of public works in the United com 
writer is in general agreement with the author’s conclusion, especially 
- the need to broaden and improve civil engineering education. In the writer’ s 
view, the civil engineer is unique in that the principle function is to put various 
; - parts of technology together into a working system that will best meet the 
_ needs of people. This places the civil engineer at the interface | between technology 
and the average citizen. To properly fill this role requires much more than 
: quantitative specialization. It may well be time for the civil engineering aan J 
7 


and society to seriously consider establishment of a ‘School of Civil Engineering, oll 

along with the present “School of Law’’ and the ‘School of Medicine’’ in 

our universities, as an improved way to meet today’ S increasingly — y. 

challenges, especially i in natural resourses, and pny with water resources. 


| 
> 
) 


included in President Carter’s “water policy initiatives” “appears to have been 


> 
DISCUSSION 


of ecouienic. 


American an Public Works Association, Chicago, 1976. 


Closure by T y Theodore M. 


‘is writer the discussions by and Chaturvedi which 


4 amplify the writer’ s point t! that i increasing participation in water resources planning 


by the Federal government has tended to reduce the initiative of the states. 
Although, as pointed out by Armstrong, the new analysis of water planning 


formulated without an aéetehte | aggrocietion or understanding of what has md 


has requested $30,000,000 for 4 # 1981. "Whether this increase in state funding ’ 


will lead to any change in the trend toward Federal domination of the water 2 
em lanning field remainsto be seen. = 


_ Otherwise, very little progress is evident in the 4 yr, and tens of thousands — 

of pages of water policy Cocuments that have been prodaced ‘since the paper 
2a was | prepared. The President’s ‘‘water t policy initiatives,’’ of course, have a 

‘one word answer to Chaturvedi’s rhetorical question, ‘‘In view of increasing ~ 

_ demands on water resources planning to meet the varying needs of environmental — 
protection, how is it proposed to meet the growing needs of future water 7 

‘requirements at an economical and viable cost?”’ That word is “‘conservation.””__ 
io horizons in water resources planning will have to be | 
§ challenges posed by future demands for water. 


Errata.—The should be made to the onginal paper: 


su 
‘Page 12, 2, paragraph 3, A line Fie Should read ‘ “attempted to to to pass the ball’ instead : 


‘Page 18, paragraph 1, line 9: Should read ‘ “which made its own report’’ instead — 


q 5 of “attempted to apss the ball” 


Page 24, Appendix, Ref. 19: Should be PB 211-921. instead | of pp. 211-921. 


25, “Appendix, Ref. 34: Should be January 30, 1961. instead of January 
‘{March, 1979, by Theodore M. Schad (Proc. Paper 14410), 
“Deputy Executive Dir., Commission on Natural Resources, National Research Connell, 
2101 Constitution Ave., Washington, D.C. 20418. donde: 


a 
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Western Economic AND WATER 
by Ellis L. Armstrong,®Hon.M. ASCE 
| 


‘What could have been an important tant contribution to a review of water onrelll : 


¥ planning, in the writer’s view, is distorted by apparent preconceived conclusions 
_ supported by superficial analysis and lack of understanding of what actully 
has occurred. For instance, the statement in the first paragraph, that ‘ “the ou — At 
has often been disappointing” i is highly prejudicial. This is not to suggest 


hypothetically, or even actually, t that many outcomes could not have been better, © 
‘a especially when examined from our present affluent viewpoint. However, when — 
one realistically views what has occurred, with full appreciation of the great 
+f difficulties of establishing water resource planning philosophies that have built 
- West, and enabled the nation to utilize the “‘vast worthless area” 


on which this _ 
“atticle is based. a. While authorizations usually were for ‘specific 
_ project developments, they generally evolved from an overall comprehensive | 
- planning and evaluation of an entire river basin or drainage area. One of the 
writer’s first assignments in the Bureau of Reclamation in the 1930s was being 
_ involved i in overall planning of the potential of the ‘upper Colorado River Basin, — 
and determining how specific developments fitted into the overall optimum. 
The | writers comments don’t come from a review of jejune, second-hand, 
shopworn statements; he was there and he was involved. 
There may be a problem of the authors in understanding how a multipurpose 
water resource project is developed. Generally, projects c can’t be done economi- 
cally on a piecemeal basis, although they are often developed in stages. The be Be 
7 references to hydropower and municipal and industrial water as subsidizing 
_ irrigated agriculture seems narrow. Charges for both power and M & I water ae a 
are generally lower than any alternative, real or imaginary. And putting the =a 
- entire multipurpose uses into an overall optimum program is essential to make Z 
the most effective use of limited water resources. 
Further, the view that the investments made by the gove government | in the — &§ 
_ development of the West, could better have been made in Georgia, say, where im J 
visible dollar returns could be higher, and that, with the Western development, 7 
“March, 1979, by John E. Keith, Keith Wilde, Jay C. Andersen, and Allen LeBaron 


* Adjunct Prof. of Civ. Engrg., Univ. of Utah, Salt Lake Utah 84112; also 4 
of Civ. Utah State Univ., 


q 


il 
q 
L . >. The statement that planning by the Bureau of Reclamation was project oriented, 7) 
; | _and that planning prior to 1960 was limited primarily to project-specific engineering —__ 
—— 


‘the Georgia benefits were is not This presuppose presupposes a perfect 
_ input-output type of nationwide economic system which does not exist. _ a 
“| _ The cynical analysis that engineers are motivated only by expanding their = 
_ technology and the use of their common technical skills, is nonsense. The authors _ 
"appear to lack an appreciation of the professionalism and ethics that are an —q 
important part of the basic motivation of most engineers. The implications of | 
the statement that “‘it is not surprising to find that Reclamation engineers have 
2 exes local water lobbyists and done their best to ignore rival techniques, aK ’ 
a as ground water development”’ is childish. It appears the authors seem - 
to have obtained their “‘scientific’’ information from subjective writings such — 
as the Sierra Club’s ‘“‘Water Hustlers” article they quote, which has the familiar — 
hallmakers of superficial, incomplete research, immature analysis, and aversion : ; 
=. _ Several other s ‘Statements i in n the article such as pea water available 
.” are not valid 
; ‘statements. and appear to be founded « on 1 hearsay and rumor which disregards 
the real physical and institutional world. poortally wall 
it appears from the authors’ reference to the writer’s “‘Wake Up America’”’ 


4 


«ook, that they failed to read the speech carefully or to understand what 
was being said. This was a speech given at the National Limestone Producers 
_ Annual Convention in Washington, D.C. in January 1972, and was a warning 
concerning the proliferation of ‘‘instant experts” in educational institutions and 
government, who lacked understanding and appreciation of America’s basic g 


_ problems. The conjectures that the speech ‘“‘amply demonstrates the Bureau’s 
aversion to both economic efficiency and environmental constraints”” are utter 


pieces of paragraphe and sentences ‘taken out of context. The following paragraphs 


“Theve BAY 


To illustrate from the operations of my own agency, - the Bureau of 


J ———. we have a two-year intensive study of the Reclamation 
_ program just completed by a firm of economists and related d disciplines. — ——_ 
Their assignment was to objectively examine the facts and. make ‘their 
‘own conclusions). This study shows that our capital investment of about 
mf billion made over the past 70 years, is now creating economic activity, 7 
‘j over and above what would have occurred without ut the investment, of 
_ Taxes generated by this activity totaled $1.1 billion in 1971; including oo 


_ $800 million in ‘Federal i internal ‘Tevenue and over $300 million in state 
ed and local taxes. And in addition, most of the capital investment is being 


repaid in hard cash on schedule into the United States Treasury. creme 


“More than that, the investment has a quality environment for 


a 
| 
| 
i 
L 
2 
= 
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MARCH 1981 
-s In regard to enviecamental issues, the following paragraphs | from the speech 
illustrate the writer’ s concern: one ‘3 t = 
t really isn’t a question whether we want Phan o1 
en" “envisonmentalists,”” ’ with their no-growth theories and their doomsday © 
forecasts should eam down out of the clouds. Growth is here for as 
jong as our generation lives. Beyond | that, hopefully, we can and will 


_ So the question, as any good engineer would see it, is how best can ai 
we plan for this growth of the next aad decades? How are we ee 
_ to meet the needs of peopl 


What we need is ‘simple integrity, basic honesty, 


and an n ability to reason together—to see each other’s point of view 


We to down has | been accomplished and to move ahead. 
Now have off on environmental extremism. But don’t think 
_ for a moment that I am unaware of environmental concerns and environ- nt 
2 mental needs. These problems are real and must be solved. But we must _ 
keep the problems and solutions in proper perspective. We must strive * 


_ This article amply demonstrates the shortcomings of analyzing the nation’s 
problems from a narrow, technician-type perspective, without an overall under- 


_ Standing and objective comprehension of the past and the c complexities « of today’s 
programs. There aren no easy answers or magic solutions, but we must continually 
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weaved "Discussion by James S. Jenks,‘ M. ASCE on tare 


"The authors have examined the performance of detention basins designed 


z accommodate storms having return periods of 2 yr, 10 yr, and 100 yr. One > 
i of the conclusions is that “‘. . . use of one return period as the basis for a 
detention basin design policy « does not lead to | a design that reflects | the intent 


“September, 1979, by Gregory E. Kamedulski Richard H. McCuen Paper 
“Principal Engr., Leeds, Hill and Jewett, Inc., Consulting Engrs., 1275 Market St., 


) 

| 


stormwater management,”’ and “for other 1 periods the golicies result 

in either over or underdesign.”” The authors do not describe a — 

design policy which does | reflect the intent of stormwater "management. — nina aia’ 

_ The intent of stormwater management is to avoid or a 

"hydrological impacts that result from urbanization. From an economic viewpoint 

it makes little sense to spend more on works to avoid adverse impacts than 

: magnitude of damages associated with such impacts. From this viewpoint 
detention facilities should be designed so that the last incremental or marginal : 


much incremental or r marginal benefit of The facilities would 
_ then be of optimum size economically. If the facilities are larger than this optimum 
size, there would not be a corresponding increase in the benefit (reduction — 
Zi of damage) for the increased costs incurred. agian optimum size would 


"storm design; in other instances it might corre 
y ‘smal conomic 


_ From a practical viewpoint, urbanizing areas are pineal 


a 4 criteria in anumber of case histories and from this develop guidelines for anal 
4 It ‘might be noted that the adverse impacts caused by increased rates of 7 
stormwater runoff from urbanizing areas is a nationwide problem. In California, 
7 the State Coastal Commission is also deeply concerned with this problem. ae = 
commission is especially concerned with associated increases in erosion and _ 
_ siltation in areas tributary to coastal lagoons. These lagoons have limited lives 
even under natural conditions and can be significantly affected by siltation. 4 
Accordingly, the commission has adopted the policy that peak rate of runoff “a 
from a developed area shall be no greater than peak flow rate under existing 
conditions. Detention basins are a proven method of achieving this policy. Since gs 
specific design criteria to implement the commission policy is now evolving, 5 
the authors’ | paper describing analysis” of "detention basin design Policies i: 


= 
= .§ Further, with the present state of the art it is difficult to quantify and = : 
= is damages downstream of a particular area that would result from urba af | 
> although in some instances, potential damage to bridges, water supply 4 o 
= To the writer’s knowledge such a cost-benefit analysis has not been completed ~ 
ta 
> 
7 


1981 


Yo 
Discussion b by Krishan P. Singh,” M. 
e United States Water Resources Couneil i guidelines in their Bulletin 
Ia to © promote au a uniform, consistent, and a accurate technique for flood- frequency 
analysis with the log Pearson type III distribution (2). The bulletin emphasizes 
the inaccuracies in the estimate of the third moment, or skew, and presents 
a map with iso-skew contours derived from the analyses of annual flood series 
_ from a number of gaging stations in each 1° quadrangle. The author has presented - 
an alternative contour map assuming that the coefficient of skew varies 
location f parameters such as latitude and longitude. It is said to lower the standard a 
error of estimate of skew from 0.623-0.529, a reduction of 15%. The results 
__ of regression analyses of skew with basin and stream factors are also aiid. 
a author correctly concludes that the estimation | of skew appears to be an € 
Consider the quadrangle bounded by latitude 39° and 40° and 
"99° and 90°. The average skew coefficient is given as —0.66 for the six stations 
_ in this quadrangle in the map (2). The lowest five floods and highest five floods 
at four gaging stations in this quadrangle are given in Table 4 together with 
the information on the drainage area, number of years of record, and the ena, 
standard deviation, skew coefficient, g, , and the 100-yr flood, obtained 
by applying log Pearson | type III distribution to the annual flood series. Also _ 
included are the | weighted skew, g,, and the 100-yr flood when g,, is used ee 
instead of the sample skew, g. An inspection of the floods at the high and 
_low ends of the ranked annual flood series shows that one or two very low 4 
- floods at each of the four stations s depart significantly oe the trend of the ar 


witha a drought fi requency of about in 75 y: yr. The f ollowing c1 criterion, recommended 


in Bulletin 17a for evaluating low outliers, was applied ab [-. 
2.5 + 1.2 log 10) (1-0.4g,) 


in which x = the logarithm of a low flood perceived as an a outlier; and 8, 
: = the regional skew (which equals —0.4 for the quadrangle under consideration). _ 4 
_ For x to be a low outlier, the left-hand side (LHS) in a Eq, om aes to be —— 


i 


4 than the right hand side (RHS). The test values are: a 


jSeptember, 1979, by Richard McCuen (Proc. Paper 14840). 

Principal Hydro., Illinois State Water Survey Illinois Inst. of Natural Resources, 
P.O. Box Urbana, Il. 61801. 
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a _ writer has developed and computerized a simple methodology for modif ying 


A oa TABLE ve —Results of Flood Frequency / Analyses at Four Gaging Stations 


and ibe weltipic nes cxamined were | 


1. Flat Branch near Taylorville, IL., 05 574500, 276 oq wi, 2? years! ont 
Lowest 5 floods: 457 (1090), 660 (1360), 1770, 1850, 1860 cfs 
Highest 5 floods: 13000, 9400, 8620, 7540 7350 
Observed sample with 3.541 0.333 0.411 16,370 
Series vith 2 low outliers modified 3.567 0.276 0.032 15,920 


{hat che would a Much Setier mt oiler approved 


Spring Creek at Springfield, IL., 05 107 sq mi, 29 yeate 


217 217 Gm, 225 639, 640, 


10, 300 


ay Lake Fork near Cornland, IL., 05 579500, 214 sq mi, 29 years 


Lowest 5 floods: 152 (432), 548, 680, 1000, 1010 cfs 
Highest 5 floods: 6102, 4900, ‘4700, 4570, (4130 


South Fork Sangamon River River near Rochester, 57600 867 sq: 
5 971 (1210), 1230 (1570), 2120, 2150, 2330 cfs sbizaco 


Highest 5 18100, 14300, 11000, 11000, 
ved tag 3 678 0. 331 (2i, 740 
Series with 2 low outliers modified 3. 0. 302 22, 670 


any mabe outliers so that they fit: the trend of the rest of the data. The 
tow outliers modified are underlined in Table 4 and their modified values are 
given in parentheses. The log Pearson type III distribution was applied to the 7 7 


_ four series om cote the low outliers with corresponding modified values. = 4 


te 
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4 
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when calculating service costs and briefly discusses ‘methodology 


The skew increases from —0.822, 291, 0.961, —0.331 to — —0. 032, 0. 187, 
0. 096, and —0.147, respectively, after modification of outliers. The average 
for the four basins increases from —0.601 to —0. 
2. The standard deviation decreases from 0.333, 0. 377, 0.333, and 0.317 to | 
i 0. 276, 0.338, 0.289, and 0.302, respectively. The average standard deviation — 
4 decreases from 0. 340-0. 301. bas 
" 3. The mean increases from 3.541, 3.163, 3.244, and 3.678 to 3.567, 3. 183, 


3.260, and 3. 685, respectively. The average | of the means increases from a 


~ The estimate of Q,.. from the flood series after modification of one or 


” low outliers i increases by 4.3 to 31.7% over that without modification. in a 

It is necessary to adjust the observed flood series ‘for 2 any outliers before 
the distribution parameters for regionalization. Because of the 
interaction between the values of standard deviation and skew and because 
a relatively large increase in skew can be offset by a small decrease in standard | 
deviation, regionalization of skew alone i is open to question. A preliminary analysis 


REGIONALIZATION: A Crrnicat 


rh Closure by Robert M. Clark,? M. ASCE 
wr ¢ 


‘The writer would like to thank Wal: Bai: 4 for his interest in in the paper ete 
"his important comments. Walski, quite correctly, points out that another aspect ] 
of regionalization is is the case of Population centers connected by pipelines — 
areas with few if any , water users. He identifies some of the variables to be _ 4 


3 (MAPS) available for making some of these cost equations. = . a 


_ The writer agrees with Walski that regionalization is a useful concept that — 


_ may not prove cost effective in every situation. Systematic methodology such - 


as presented by Walski and in the original p paper should be used by planners 


for calculating the cost of regional water supply systems. 


“September, 1979, . by Robert M. Clark (Proc. Paper 14842). the 
a > Engrg. Systems Analyst, Drinking Water Research Div., Municipal Eavironmental: 
Research Lab., U.S. Environmental Protection Agency, Cincinnati, Ohio 45268. jum woul 
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REACTION To Drainace Pr Prosects* 


<a _ The writers would like to thank L. A. mies for his i interest in the paper 

for his comments. The discusser a very point in his discussion 


"drainage projects ‘must include uses that are and wanted in a particular 
area. The Echo Branch sub-basin is representative of an urban residential area — 
e g the multiple uses examined were uses that would appeal and were needed 
in this area. For other areas of the county, different uses would have to be .. 
_ combined with drainage projects that would appeal to the voters in those areas. 
‘The survey results were only used to show the appeal of the multiple-use 
= and not to conclude that the bond referendum would have been passed = 
if parks and recreation projects had been combined with the proposed drainage — 
projects. But when a bond issue is defeated by only 4% and a multiple- use 
proposal indicated that at least 33% o those voting against the original plan 
a would vote yes on the multiple-use plan | in the basin studied, one would think ra 


A that the multiple-use plan would have a much better chance of voter approval 


& 


(OF ENGINEERING Firm? 


"Closure by Alan H. Schultz, 
and Richard A. A. Westmore,” M. ASCE 


_ The writers wish to thank L. M. Snell for his interest in the p paper, er, and also 
- acknowledge the many others who have corresponded on the same subject. re 
a The methods described by Snell for improving student engineers’ skills in val 


_ “September, 1979, by Thomas N. Debo and James T. Williams (Proc. Paper 14843). 
; * Asst. Prof. of City Planning, Coll. of Architecture, Georgia Inst. of Tech., , Atlanta, 
Ga. 30332; also Pres., Debo and Assoc., Atlanta, Ga. 
— Gra. City Planning Student, Coll. of Architecture, Georgia Inst. of Tech., Atlanta, — 
_ "September, 1979, by Alan H. Schultz and Richard A. Westmore (Proc. Paper 14858). 
*Assoc., Harza Co., 150 S. Wacker Dr., Chicago, Ill. 60606. 
» 150 S. Wacker Dr., Chicago, Ill. 60606. 
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problem definition are ently coms consistent t with: the 

It is evident from the response to the paper that the postions Getied | 
relate to engineering education on a broader scale than water -Tesources, — 


requirements of engineering firms. The writers are of the opinion that the | 
engineering educators and practitioners are therefore responsible for seeing that me 


PRACTICAL Aspects oF Town WATER PLANNING” 


Errata 


a The following correction should be made to the original paper: 


Page 163, paragraph 4 under the heading ‘“‘Water Demand Projections,” line 


9 following “Thus, unplanned” insert from page od 


Paragraph | under the heading ‘‘Digital Computer Diversion Analysis,” line 
3 beginning with ‘“‘growth beyond a population. . . ap 
Paragraph 3 under the heading ' “Diversion Location,” line 7 ending with * ‘requires 
a 30 mgd (1.14 x 10° m ‘/day). 
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~ March, 1980, by Paul U. Fisc Ting Chiang (Froc. a 
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